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ABC ATP-bindiing cassette
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ARNT aryl hydrocarbon receptor nuclear translocator
5-aza-dC 5-aza-2’-deoxycytidine
BCRP breast cancer resistance protein
CAR constitutive active receptor
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CEBP CCAAT/enhancer-binding protein
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EDTA ethylendiamine-N,N,N’,N’-tetraacetic acid
FXR farnesoid x-activated receptor
GAPDH glyceraldehydes-3-phosphate dehydrogenase
GMSA gel mobility shift assay
HNF hepatocyte nuclear factor
MDR multi drug resistance protein
MEM minimum essential medium
miRNA micro RNA
mRNA messenger RNA
MRP multidrug resistance-associated protein
NF nuclear factor
OCT organic cation transporter
OAT organic anion transporter
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PPAR peroxisome proliferator-activated receptor
PXR pregnan x receptor
RT -PCR reverse transcription-polymerase chain reaction
SLCO solute carrier organic anion transporter
Sp specificity protein
USF upstream stimulatory factor
4⥬ゕ
ࠈCytochrome p450 (CYPs)ࢅࡢࡋࡴ࡛ࡌࡾⷾ∸௥ㅨ㓕⣪ࡷ ATP-binding cassette (ABC)
transporters ࠽ࡻࡦ organic anion transporters (OATs)࡝࡜ࡡⷾ∸ࢹࣚࣤࢪ࣭࣎ࢰ࣭ࡢᗀ࠷
ᇱ㈻≁␏ᛮࢅᣚࡔ(Wacher et al., 1995)ࠉⷾ∸ࡡྺ཭ࠉฦᕱࠉ௥ㅨࠉᤴἝ࡞࠽࠷࡙㔔さ࡝
ᙲ๪ࢅᢰࡖ࡙࠷ࡾࠊࡐࡡࡒࡴࠉࡆࡿࡼⷾ∸ິឺ㛭㏻㐿ఎᏄⓆ⌟㔖ࡡንິࡢⷾ∸ࡡమහ
ິឺࢅን໩ࡈࡎࠉⷾຝࡷ๧ష⏕࠽ࡻࡦ᭯ᐐ஥㇗ࡡ㢎ᗐ࠽ࡻࡦ㔔⠔ᗐ࡞ᙫ㡢ࡊ࠹ࡾ࡛⩻
࠻ࡼࡿ࡙࠷ࡾ(Guengerich et al., 1999)ࠊ
ࠈࡆࡿࡱ࡚࡞ᵕࠍ࡝㌹෕ᅄᏄ࠽ࡻࡦᰶහࣝࢬࣈࢰ࣭࠿ࡆࡿࡼⷾ∸ິឺ㛭㏻㐿ఎᏄࡡⓆ
⌟โᚒ࡞㛭ࢂࡾࡆ࡛࠿᪺ࡼ࠾࡛ࡈࡿ࡙ࡀࡒࠊ⫚⮒࡞㧏ࡂⓆ⌟ࡌࡾ㌹෕ᅄᏄ࡚࠵ࡾ
Hepatocyte nuclear factor (HNF) 4αࡢᵕࠍ࡝ CYP ฦᏄ⛸ࡡⓆ⌟ㄢ⟿࡞㛭୙ࡊ࡙࠷ࡾࡆ࡛
࠿ሒ࿈ࡈࡿ࡙࠷ࡾ(Martínez-Jiménez et al., 2006)ࠊࡱࡒ pregnane x receptor (PXR)ࡢ
rifampicin ࡞ࡻࡾ CYP3As ࡡࠉconstitutive active receptor (CAR)ࡢ phenobarbital ࡞ࡻࡾ
CYP2B6ࡡㄇᑙ࡞㛭୙ࡌࡾࡆ࡛࠿ሒ࿈ࡈࡿ࡙࠷ࡾ(Lehmann et al., 1998; Bertilsson et al.,
1998; Honkakoski et al., 1998)ࠊࡈࡼ࡞ࠉࢤ࢓ࢠࢲ࣭࣊ࢰ࣭࡛࿣ࡣࡿࡾᅄᏄ࠿ࡆࡿࡼ㌹෕
ᅄᏄ࡞ࡻࡾⓆ⌟โᚒ࡞㛭୙ࡌࡾࡆ࡛࠿ሒ࿈ࡈࡿ࡙࠷ࡾ (Konno et al., 2008)ࠊࡆࡿࡼᰶහ
ࣝࢬࣈࢰ࣭ࠉ㌹෕ᅄᏄ࠽ࡻࡦࢤ࢓ࢠࢲ࣭࣊ࢰ࣭ࡢப࠷࡞┞பష⏕ࡊࠉࡐࡿࡼࡡᵾⓏ㐿
ఎᏄࡡⓆ⌟ࢅㄢ⟿ࡌࡾ࡛⩻࠻ࡼࡿ࡙࠷ࡾ(Rushmore et al., 2002)ࠊࡊࡒ࠿ࡖ࡙ᵕࠍ࡝㌹෕
ᅄᏄ࠽ࡻࡦࢤ࢓ࢠࢲ࣭࣊ࢰ࣭ࡡ┞பష⏕ࡡࢾࢴࢹ࣭࣠ࢠ࠿ⷾ∸ິឺ㛭㏻㐿ఎᏄࡡⓆ⌟
ㄢ⟿࡞㔔さ࡝ᙲ๪ࢅᢰࡖ࡙࠷ࡾ࡛⩻࠻ࡼࡿ࡙࠷ࡾࠊ
ࠈୌ᪁ࠉ㎾ᖳࠉࢣࢿ࣑DNAࡡ࣒ࢲࣜ໩ࡷࣃࢪࢹࣤࡡಞ㣥࡛࠷ࡖࡒᚃኮⓏಞ㣥(࢙ࣅࢩ࢘
ࢾࢷ࢔ࢠࢪ)࠿㐿ఎᏄࡡⓆ⌟ㄢ⟿࡞㔔さ࡝ᙲ๪ࢅᢰࡖ࡙࠷ࡾࡆ࡛࠿ሒ࿈ࡈࡿ࡙࠷ࡾࠊ
DNAࡡ࣒ࢲࣜ໩ࡷࣃࢪࢹࣤಞ㣥ࡢ┞ப࡞ష⏕ࡊ࡙ᰶහ࡞࠽ࡄࡾࢣࢿ࣑DNAࡡ✭㛣Ⓩ࡝
㒼⨠ࡷࢠ࣏ࣞࢲࣤࡡ㧏ḗᵋ㏸ࡡᙟᠺ࡞㛭୙ࡌࡾࡆ࡛(Misteli et al., 2007)ࠉDNAࡡ࣒ࢲࣜ
໩ࡢࢣࢿ࣑࢕ࣤࣈࣛࣤࢷ࢔ࣤࢡࡷX᯹Ⰵమ୘Ὡᛮ໩ࢅโᚒࡌࡾ࣒࢜ࢼࢫ࣑࡞㔔さ࡝ᙲ
๪ࢅᢰࡖ࡙࠷ࡾࡆ࡛࠿ሒ࿈ࡈࡿ࡙࠷ࡾ(Mitsuya et al., 1999; Horike et al., 2000)ࠊࡊࡒ࠿
ࡖ࡙㐿ఎᏄࡡⓆ⌟โᚒ࡞ࡢ୕㏑ࡊࡒ㌹෕ᅄᏄ࡞ࡻࡾⓆ⌟ㄢ⟿࣒࢜ࢼࢫ࣑ࡓࡄ࡚࡝ࡂ
DNAࡡ࣒ࢲࣜ໩ࡷࢠ࣏ࣞࢲࣤᵋ㏸ን໩࡝࡜ࡡ࢙ࣅࢩ࢘ࢾࢷ࢔ࢴࢠ࡝Ⓠ⌟โᚒ࣒࢜ࢼࢫ
࣑ࡵ㔔さ࡝ᙲ๪ࢅᢰࡖ࡙࠷ࡾ࡛⩻࠻ࡼࡿ࡙࠷ࡾࠊິ∸⣵⬂ࡡࢣࢿ࣑DNA࡞Ꮛᅹࡌࡾ5’-
CG-3’(CpG)㒼า࡞࠽ࡄࡾC(ࢨࢹࢨࣤ)ࡢࡐࡡ➠5న࠿DNA࣒ࢲࣜ໩㓕⣪࡚࣒ࢲࣜ໩ࡈࡿࠉ
ࡐࡡ࣒ࢲࣜ໩ࣂࢰ࣭ࣤࡢDNA々⿿ࡡ㝷࡞ࡵ⥌ᣚࡈࡿࡾࡆ࡛࠿ሒ࿈ࡈࡿ࡙࠷ࡾ
(Gruenbaum et al., 1981)ࠊࡆࡡ࣒ࢲࣜ໩ࣂࢰ࣭ࣤࡢ⣵⬂ࡡฦ໩ṹ㝭࡚ን໩ࡊࠉࡐࡡࡒࡴ
⣵⬂ࡷ⤄⧂࡞ࡻࡽ␏࡝ࡖࡒ࣒ࢲࣜ໩ࣂࢰ࣭ࣤࢅᣚࡗDNA㡷ᇡ࠿Ꮛᅹࡌࡾࡆ࡛࠿ሒ࿈ࡈ
5ࡿ࡙࠷ࡾ(Ohgane et al., 2008)ࠊୌ⯙࡞ࣈ࣓࣭ࣞࢰ࣭㡷ᇡ࡞࠽ࡄࡾCpG࣒ࢲࣜ໩ࡢ㌹෕ᅄ
Ꮔࡡ⤎ྙ㜴ᐐࡷࢠ࣏ࣞࢲࣤᵋ㏸ን໩ࢅ௒ࡊ࡙ࡐࡡ㌹෕Ὡᛮࢅᢒโࡌࡾ࡛⩻࠻ࡼࡿ࡙࠽
ࡽࠉࡆࡿࡱ࡚࡞ vasopressin and atrial natriuretic peptide㐿ఎᏄ࠽ࡻࡦ brain-derived
neurotrophic factor㐿ఎᏄࡡࣈ࣓࣭ࣞࢰ࣭࡞࠽ࡄࡾCpG࣒ࢲࣜ໩࠿ࡐࡿࡑࡿࡡ㐿ఎⓆ⌟
ࢅᢒโࡌࡾࡆ࡛࠿ሒ࿈ࡈࡿ࡙࠷ࡾ(Yossifoff et al., 2008; Hillemacher et al., 2008)ࠊࡊࡒ࠿
ࡖ࡙ࠉࣈ࣓࣭ࣞࢰ࣭㡷ᇡ࡞࠽ࡄࡾCpG㒼าࡡ࣒ࢲࣜ໩ࡢ⣵⬂ࡱࡒࡢ⤄⧂≁␏Ⓩ㐿ఎᏄ
Ⓠ⌟ࢅโᚒࡌࡾ࡛⩻࠻ࡼࡿ࡙࠷ࡾࠊࡆࡡࡻ࠹࡞DNAࡡ࣒ࢲࣜ໩ࢅ୯ᚨ࡛ࡊࡒ࢙ࣅࢩ࢘
ࢾࢷ࢔ࢴࢠ࡝㐿ఎᏄⓆ⌟โᚒࡢᵕࠍ࡝㐿ఎᏄࡡⓆ⌟โᚒ࡞㛭୙ࡌࡾ࡛⩻࠻ࡼࡿ࡙࠷ࡾ
࡞ࡵ㛭ࢂࡼࡍࠉⷾ∸ິឺ㛭㏻㐿ఎᏄⓆ⌟โᚒ࡞ᑊࡌࡾDNA࣒ࢲࣜ໩ࡡᙲ๪ࡢ࡮࡛ࢆ࡜
᪺ࡼ࠾࡛࡝ࡖ࡙࠷࡝࠷ࠊ
ࠈࡐࡆ࡚ᮇ◂✪࡚ࡢⷾ∸ິឺ㛭㏻㐿ఎᏄⓆ⌟โᚒ࡞ᑊࡌࡾDNA࣒ࢲࣜ໩ࡡᙲ๪ࢅ᪺ࡼ
࠾࡛ࡌࡾࡆ࡛ࢅ┘Ⓩ࡛ࡊ࡙➠ୌ❮࡚ࡢࣃࢹ⤄⧂⏜ᮮᇰ㣬⣵⬂ࢅ⏕࠷࡙DNA࣒ࢲࣜ໩㓕
⣪㜴ᐐ๠᭒㟚࡞ࡻࡾⷾ∸ິឺ㛭㏻㐿ఎᏄ࠽ࡻࡦࡐࡡⓆ⌟࡞㛭୙ࡌࡾ㌹෕ᅄᏄࡡ㐿ఎᏄ
Ⓠ⌟㔖ࡡよᯊࢅ࠽ࡆ࡝࠷ࠉ➠஦❮࡚ࡢࣈ࣓࣭ࣞࢰ࣭㡷ᇡ࡞ᏋᅹࡌࡾGC࣍ࢴࢠࢪࡡCpG
࣒ࢲࣜ໩࡞ࡻࡾCYP1A2㐿ఎᏄⓆ⌟โᚒ࣒࢜ࢼࢫ࣑ࡡよ᪺࡞ࡗ࠷࡙᳠ゞࢅ࠽ࡆ࡝ࡖࡒࠊ
6➠ୌ❮ࠈDNA࣒ࢲࣜ໩㓕⣪㜴ᐐ๠᭒㟚࡞ࡻࡾⷾ∸ິឺ㛭㏻㐿ఎᏄⓆ⌟ንິࡡよᯊ
ᗆᩝ
ࠈࡆࡿࡱ࡚࡞ⷾ∸ິឺ㛭㏻㐿ఎᏄࡡⓆ⌟โᚒ࡞㛭ࡊ࡙ኣࡂࡡᰶහࣝࢬࣈࢰ࣭ࠉ㌹෕ᅄ
Ꮔ࠽ࡻࡦࢤ࢓ࢠࢲ࣭࣊ࢰ࣭࠿ྜྷᏽࡈࡿࠉࡐࡿ࡞ࡻࡾⓆ⌟โᚒࡡฦᏄ࣒࢜ࢼࢫ࣑࠿᪺ࡼ
࠾࡛ࡈࡿ࡙ࡀࡒࠊୌ᪁ࠉࡆࡿࡱ࡚࡞ⷾ∸௥ㅨ㓕⣪࡚࠵ࡾ࣏ࢗࢪ Cyp1a2 㐿ఎᏄࠉⷾ∸ࢹ
ࣚࣤࢪ࣭࣎ࢰ࣭࡚࠵ࡾ SLC22A12ࠉSLC22A1 ࠽ࡻࡦ SLC22A7 㐿ఎᏄࡡ⤄⧂≁␏ⓏⓆ⌟
โᚒ࡞ࡐࡡࣈ࣓࣭ࣞࢰ࣭㡷ᇡࡡ DNA ࣒ࢲࣜ໩࠿㛭୙ࡌࡾࡆ࡛࠿ሒ࿈ࡈࡿ࡙࠷ࡾ(Aoki
et al., 2008; Kikuchi et al., 2006; Kikuchi et al., 2007)ࠊࡆࡡࡻ࠹࡞࠷ࡂࡗ࠾ࡡⷾ∸ິឺ㛭
㏻㐿ఎᏄࡡⓆ⌟โᚒ࡞࠽࠷࡙ DNA ࡡ࣒ࢲࣜ໩ࡢ㔔さ࡝ᙲ๪ࢅᣚࡗࡆ࡛࠿ሒ࿈ࡈࡿ࡙
࠽ࡽࠉ௙ࡡⷾ∸ິឺ㛭㏻㐿ఎᏄ࡞ࡗ࠷࡙ࡵ DNA ࣒ࢲࣜ໩࠿ࡐࡡⓆ⌟โᚒ࡞㛭୙ࡌࡾ
ྊ⬗ᛮ࠿⩻࠻ࡼࡿࡾࠊࡊ࠾ࡊⷾ∸ິឺ㛭㏻㐿ఎᏄⓆ⌟โᚒ࡞ᑊࡌࡾ DNA ࣒ࢲࣜ໩ࡡ
ᙫ㡢ࢅໜᣋⓏ࡞よᯊࡊࡒሒ࿈ࡢ࡝ࡂࠉኣࡂࡡⷾ∸ິឺ㛭㏻㐿ఎᏄࡡⓆ⌟โᚒ࡞ᑊࡌࡾ
DNA࣒ࢲࣜ໩ࡡᙫ㡢࡞ࡗ࠷࡙ࡢ୘᪺࡚࠵ࡾࠊ
ࠈࡐࡆ࡚ᮇ◂✪࡚ࡢ௥⾪Ⓩ࡝ⷾ∸ິឺ㛭㏻㐿ఎᏄࡡⓆ⌟ㄢ⟿࡞࠽ࡄࡾ DNA ࣒ࢲࣜ໩
ࡡᙲ๪ࢅ᪺ࡼ࠾࡛ࡌࡾࡒࡴࠉࣃࢹ⒬⤄⧂⏜ᮮᇰ㣬⣵⬂ࢅ⏕࠷ࠉDNA ࣒ࢲࣜ໩㜴ᐐ๠᭒
㟚࡞ࡻࡾⷾ∸ິឺ㛭㏻㐿ఎᏄ࠽ࡻࡦࡐࡡⓆ⌟ㄢ⟿࡞㛭୙ࡌࡾ㌹෕ᅄᏄⓆ⌟㔖ࡡንິࢅ
よᯊࡊࡒࠊ
7ᐁ㥺ᮞᩩ࠽ࡻࡦᐁ㥺᪁Ἢ
1ࠈࣈࣚ࢕࣏࣭
ࠈReverse-transcription polymerase chain reaction (RT-PCR)࡞⏕࠷ࡒࣈࣚ࢕࣏࣭ࡢ
Proligo(Boulder, CO, USA)ࠉGreiner-bio-one (Taufkrichen, Germany)࠵ࡾ࠷ࡢ Invitrogn
(Carlsbad, CA, USA)ࡡ࠷ࡍࡿ࠾࡞౪㢏ࡊ࡙ྙᠺࡊࡒࠊ
2ࠈ⣵⬂ᇰ㣬
ࠈࣃࢹ⫚⒬⏜ᮮ⣵⬂࡚࠵ࡾ HepG2 ⣵⬂࠽ࡻࡦ HLE ⣵⬂ࡢࡐࡿࡑࡿ᮶໪ኬᏕຊ㱃༈Ꮥ
◂✪ᡜ௛ᒌ༈⏕⣵⬂ࢬࣤࢰ࣭㸝௜ྋ㸞ࠉ᪝ᮇ໩ⷾ (᮶ா)ࡻࡽᚒᜠ୙㈱ࡖࡒࠊኬ⭘⒬⏜
ᮮ⣵⬂࡚࠵ࡾ Caco-2 ⣵⬂ࡢ↻ᮇኬᏕⷾᏕ㒂(↻ᮇ)ࡻࡽᚒᜠ୙㈱ࡽࠉLS180 ⣵⬂ࡢኬ᪝
ᮇపཪ⿿ⷾ (ኬ㜨)ࡻࡽ㉆ථࡊࡒࠊ⭀⮒⒬⏜ᮮ⣵⬂࡚࠵ࡾ Caki-1⣵⬂ࡢ⌦໩Ꮥ◂✪ᡜ (➻
ἴ) ࡻࡽ㉆ථࡊࡒࠊHepG2 ⣵⬂ࠉHLE ⣵⬂࠽ࡻࡦ Caco-2 ⣵⬂ࡢ Dulbecco’s modified
Eagle’s medium (Invitrogen) ࡞ࠉLS180⣵⬂ࡢMinimum essential medium (Invitrogen) ࡞ࠉ
Caki-1⣵⬂ࡢ McCoys 5A Modified medium (Sigma-Aldrich Japanࠉ᮶ா)࡞ࡐࡿࡑࡿ 10%
㟸ິ໩ Fetal bovine serum (Gemini Bio-products, Woodland, CA, USA)ࠉ50 U/ml penicillin-50
µg/ml streptomycin (GIBCO BRL, Grand Island, NY, USA)ࢅຊ࠻ࡒࡵࡡࢅᇰᆀࡊ࡙ࠉ5%
CO2/95%✭ẴࢅẴ┞࡛ࡊࡒ 37Υࡡ incubator࡚ᇰ㣬ࡊࡒࠊ
3ࠈⷾ∸ິឺ㛭㏻㐿ఎᏄ࠽ࡻࡦ㌹෕ᅄᏄ mRNAⓆ⌟㔖ࡡよᯊ
ࠈ
3-1ࠈධ RNA᢫ฝ࠽ࡻࡦ┞⿭Ⓩ DNA (cDNA)ࡡㄢ⿿
ࠈHepG2⣵⬂ (1.0105 cells/well)ࠉHLE⣵⬂ (4.0104 cells/well)ࠉCaco-2⣵⬂ (4.0104
cells/well)ࠉLS180 ⣵⬂ (4.0104 cells/well)࠽ࡻࡦ Caki-1 ⣵⬂ (4.0104 cells/well)ࢅ 6
well-plate ࡞᧓⛸ࡊࡒࠊ᧓⛸࠾ࡼ 24ࠉ48ࠉ72ࠉ96 ᫤㛣ᚃ࡞ 5 µM 5-aza-2’-deoxycytidine
(5-aza-dC)(࿰ක⣟ⷾᕝᴏࠉኬ㜨 )ࡱࡒࡢࢤࣤࢹ࣭࡛ࣞࣜࡊ࡙ 0.01% dimethylsulfoxide
(DMSO)(Sigma-Aldrich Japan)ࢅྱࡳᇰᆀࢅ⏕࠷࡙ᇰᆀஹᥦࢅ࠽ࡆ࡝ࡖࡒࠊ᧓⛸࠾ࡼ 120
᫤㛣ᚃ࡞ FastPureTM RNA kit (TaKaRa bio, ⁘㈙)ࢅ⏕࠷࡙྘⣵⬂࠾ࡼධRNAࢅ᢫ฝࡊࡒࠊ
᢫ฝࡊࡒධ RNA࡞ࢣࢿ࣑ DNAࡡΊථ࠿࡝࠷ࡆ࡛ࢅ GoTaq Green Master Mix (Promega,
Madison, WI, USA)࠽ࡻࡦ Table 1࡞♟ࡌࣈࣚ࢕࣏࣭(GAPDH F࠽ࡻࡦ GAPDH R)ࢅ⏕࠷
8ࡒ PCR࡞ࡻࡽ☔ヾࡊࠉHigh Capacity cDNA Reverse Transcription kit (Applied Biosystems,
Foster City, MA, USA)ࢅ⏕࠷࡙ cDNAࢅㄢ⿿ࡊࡒࠊ
3-2ࠈRT-PCRἪ࡞ࡻࡾⷾ∸ິឺ㛭㏻㐿ఎᏄ࠽ࡻࡦ㌹෕ᅄᏄ mRNAⓆ⌟よᯊ
ࠈⷾ∸ິឺ㛭㏻㐿ఎᏄ࠽ࡻࡦ㌹෕ᅄᏄ mRNA Ⓠ⌟㔖ࢅ 3-1 ࡚ㄢ⿿ࡊࡒ cDNA ࢅࢷࣤࣈ
࣭ࣝࢹ࡛ࡊࡒ RT-PCR ࡞ࡻࡽよᯊࡊࡒࠊPCR ࡢࠉ20 µl ୯࡞ 5 pmol ࣆ࢚࣭࣠ࢺ࠽ࡻࡦ
ࣛࣁ࣭ࢪࣈࣚ࢕࣏࣭ࠉ10 µl GoTaq Green Master Mixࠉ1 µlࡡࢷࣤࣈ࣭ࣝࢹࢅྱࡳ PCR
ཬᚺ⁈ᾦࢅㄢ⿿ࡊࠉࡆࡿࢅ 95Υ 2 ฦ㛣ຊ⇍ࡊࡒᚃࠉ95Υ 10 ⛂ࠉ྘㐿ఎᏄ࡞㐲ࡊࡒ࢓
ࢼ࣭ࣛࣤࢡῺᗐ 55-62Υ 10⛂࠽ࡻࡦ 72Υ 30⛂ࡡࢦ࢕ࢠࣜࢅ⧖ࡽ㏁ࡊࡒࠊࡱࡒࡢࠉPCR
ཬᚺ⁈ᾦࢅ 95Υ 2 ฦ㛣ຊ⇍ࡊࡒᚃࠉ95Υ 10 ⛂࠽ࡻࡦ 68Υ 30 ⛂ࡡࢦ࢕ࢠ࡚ࣜ 2 step
PCR ࢅ࠽ࡆ࡝ࡖࡒࠊ྘㐿ఎᏄࡡよᯊ࡞⏕࠷ࡒࣈࣚ࢕࣏࣭㒼าࠉ࢓ࢼ࣭ࣛࣤࢡῺᗐࠉࢦ
࢕ࢠࣜࠉPCR ⏐∸ࡡࢦ࢕ࢫࢅ Table 2ࠉ3ࠉ4 ࠽ࡻࡦ 5 ࡞♟ࡌࠊPCR ⏐∸ࡢ 3%࢓࣭࢝ࣞ
ࢪࢣࣜࢅ⏕࠷ࡒ㞹Ẵὃິ࡞ࡻࡽฦ㞫ࡊࠉࢣࣜࢅ ethidium bromide (Sigma-Aldrich Japan) ᯹
Ⰵࡊࡒᚃࠉ⣰አ⥲ࢅ↯ᑏࡌࡾࡆ࡛࡞ࡻࡽྊっ໩ࡊࡒࠊࡈࡼ࡞ྊっ໩ࡊࡒࣁࣤࢺࡡ⃨Ὲ
ࢅ⃨ᗐよᯊࢮࣆࢹ࡚࠵ࡾ YabGelImage1.0 (http://homepage.mac.com/yabyab/rb/gelimage-
j.html)࡞ࡻࡽᩐೋ໩ࡊࠉDMSO᭒㟚⣵⬂ࡡࣁࣤࢺ࡛Ẓ㍉ࡊ࡙よᯊࢅ࠽ࡆ࡝ࡖࡒࠊ
Table 1. Primers used for genome DNA contamination check
primer Sequence（5' to 3'） GenBank Accession No.
GAPDH F TGCACCACCAACTGCTTA NM_002046
GAPDH R GGATGCAGGGATGATGTTC
F, forward; R, reverse.
9Table 2. Primers used for RT-PCR analysis of β -2-Microglobulin (B2M)  gene expression
Gene name Sequence（5' to 3'） Annealing temperature (°C) Cycle No.  PCR product length (bp) GenBank Accession No.
B2M F CCCCACTGAAAAAGATGAGTATG 50 30 92 NM_004048
R GCTTACATGTCTCGATCCCACTT
F, forward; R, reverse.
Table 3. Primers used for RT-PCR analysis of mRNA expression levels of drug metaboliaing  gene expression
Gene name Sequence（5' to 3'） Annealing temperature (°C) Cycle No.  PCR product length (bp) GenBank Accession No.
CYP1A1 F GCCCAACCAGACCAGGTAGACAGA 62 40 411 NM_000499
R CAAGTTTGAAAGGCTTTTACATCCCCA
CYP1A2 F GGACAGCACTTCCCTGAGAGTAGCG 56 40 309 NM_000761
R CAATCTTCTCCTGTGGGATGAGGTTG
CYP1B1 F CCACGACGACCCCGAGTTCC 55 40 172 NM_000104
R TGAAGTTGCTGAAGTTGCGGTTGA
CYP2B6 F TGGACAAGGCTGAGGCCTTCT 55 40 200 NM_000767
R CTATCAGACACTGAGCCTCC
CYP2C8 F TTCCCAGGAACTCACAACAAAGTGC 55 40 124 NM_000770
R CAATCGATAAAGTCCCGAGGATTGTTA
CYP2C9 F GCTCTCTTTCCTCTGGGGCATTA 57 40 187 NM_000771
R GTCAATGCAACTGTTACAGAGTATGGAG
CYP2C18 F GGGATATTTTCTCTGACTTGTCAATCCAC 55 40 113 NM_000772
R GCAGATATATTTAGGAAGTGACCCAAGAA
CYP2C19 F ATTGAATGAAAACATCAGGATTGTAAGC 55 40 292 NM_000769
R CTCCAAGTAAGTCAGCTGCAGTGATTA
CYP2D6 F CGCTGGGCTGCACGCTAC 2 step 45 250 NM_001025161
R AGGATCTGGGTGATGGGCA
CYP2E1 F ACATCCTCTTCCGCAAGCAT 55 40 148 NM_000773
R TCCAGGCAAGTAGTGTAGAAAGC
CYP3A4 F GCCTGGTGCTCCTCTATCTA 55 45 189 NM_017460
R GGCTGTTGACCATCATAAAAG
CYP3A5 F ATGGAAAAATGTGGGGAACG 55 45 218 NM_000777
R CGCTGGTGAAGGTTGGAGAC
CYP3A7 F GAAAAGTCTGGGGTATTTATGACTG 55 45 217 NM_000765
R TCCGCTGGTGAATGTTGGAG
CYP3A43 F ACATGGGTTCTTGTGGCTACCAG 55 45 248 NM_022820
R TGTTTTGATCATGTCGGGATCCA 
F, forward; R, reverse.
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Table 4. Primers used for RT-PCR analysis of drug transporter gene expression
Gene name Sequence（5' to 3'） Annealing temperature (°C) Cycle No.  PCR product length (bp) GenBank Accession No.
SLCO1A2 F TGGAACCCAGATTTTAAGACCAACG 55 40 242 NM_134431
R GATGCCAACAAAAGTCCAATCAAAG
SLCO1B1 F CAACAGTATGGTCAGCCTTCATCTAAGG 62 40 139 NM_006446
R AATTTGGCAATTCCAACGGTGTTC
SLCO1B3 F AACTCTTTGTTCTCTGCAACAGGAGGT 62 40 264 NM_019844
R CTATAGATAAGCCCAAGTAGACCCTTCCA
SLCO2B1 F GAAACCCAGCATCTGAGTGTGGTGG 55 40 222 NM_007256
R ATGTCCACATAAAGGCGCAGCATGA
OCT1 F GAACCTCTACCTGGATTTCC 55 40 171 NM_153187
R CCAGTGCAGGTCAGGTGAGATAAAA
ABCB1 (MDR1) F GGGGTGCTGGTTGCTGCTTA 55 40 295 NM_000927
R ATGGCCAAAATCACAAGGGTT
ABCC1(MRP1) F CTCAGCAGCTCCTCCTCCTATAGTGG 55 40 182 NM_004996
R GAAGAGTCCGATGGCCTTCATGTAGT
ABCC2(MRP2) F TCAGATGAGGAGATTTGGAAG 55 40 248 NM_000392
R GAACTCGTTTTGGATGGTCGT
ABCG2(BCRP) F CAGCCGTGGAACTCTTTGTG 55 37 287 NM_004827
R TTGCTACAGAAACCACACTC
B2M F CCCCACTGAAAAAGATGAGTATG 50 30 92 NM_004048
R GCTTACATGTCTCGATCCCACTT
F, forward; R, reverse.
Table 5. Primer sequences for RT-PCR analysis of trasncription factor gene expression 
Gene name Sequence（5' to 3'） Annealing temperature (°C) Cycle No.  PCR product length (bp) GenBank Accession No.
NR1I2 (PXR ) F GTGTCTGGAACTACAAACCC 55 45 212 NM_003889
R CTGTGTTGAATCTCAGTTGACAC
PPPAR  α F ACTTATCCTGTGGTCCCCGG 55 45 253 NM_001001928
R CCGACAGAAAGGCACTTGTGA
NR1I3 (CAR ）F TGGTACTGCAAGTCATCAAGT 55 45 182 NM_001077470
R CTTCAATTGTGTAGCGAAGAG
NR1H4 (FXR ）F AAAGTCATGCAGGGAGAAAACTGA 55 45 222 NM_005123
R CTGAAATCCTGGTAGCTTTTTTGTG
AHR F ATCCTTCCAAGCGGCATAGA 55 45 58  NM_001621
R GCTAGCCAAACGGTCCAACTC
ARNT F CAAGCTAACCATCTTACGCATGGCA 55 45 205 NM_001668
R GAGTCACGGAGTCAGACACATACACCA
HNF1 α F CTCAGACACTGAGGCCTCCAGTGAG 60 45 177 NM_000545
R GTCTGAGCTCTGGTACAGCACCAGG
HNF1 β F GCCAGCAGGGAAACAATGAGATCAC 55 45 259 NM_000458
R GAGGGGTGTCATGATGAGGTTTTGA
HNF3 β F GGGACGGTGCTTTGGCTGACTT 55 45 199 NM_021784
R CTCACGGAGGAGTAGCCCTCG
HNF4 α F GAATGCGACTCTCCAAAACC 55 45 232 NM_000457
R GCTCGAGGCACCGTAGTGTT
CEBP α F CAAGAAGTCGGTGGACAAGAACA 55 45 154 NM_004364
R GCAGGCGGTCATTGTCACTG
CEBP β F AAGAAGACCGTGGACAAGCACA 55 45 207 NM_005194
R TGAACAAGTTCCGCAGGGTG
F, forward; R, reverse.
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⤎ᯕ
1ࠈⷾ∸ິឺ㛭㏻㐿ఎᏄ mRNAⓆ⌟㔖ንິࡡよᯊ
ࠈDNA ࣒ࢲࣜ໩࡞ࡻࡾⓆ⌟โᚒࢅུࡄࡾⷾ∸ິឺ㛭㏻㐿ఎᏄࢅ᪺ࡼ࠾࡛ࡌࡾࡒࡴࠉ
DNA ࣒ࢲࣜ໩㜴ᐐ๠࡚࠵ࡾ 5-aza-dC ࢅ᭒㟚ࡊࡒᇰ㣬⣵⬂ࡡⷾ∸௥ㅨ㓕⣪ CYPs ࠽ࡻࡦ
ⷾ∸ࢹࣚࣤࢪ࣭࣎ࢰ࣭ ࡡ mRNA Ⓠ⌟㔖ንິࢅ RT-PCR Ἢ࡞ࡻࡽよᯊࡊࡒ(Fig.1)ࠊRT-
PCR ࡞ࡻࡽᚋࡼࡿࡒࣁࣤࢺࡡ⃨Ὲ࠿ 2 ಶ௧୕ን໩ࡊࡒሔྙ࡞ mRNA Ⓠ⌟㔖࠿୕᪴ࡊࡒ
(Ќ)࡛ᏽ⩇ࡊࠉࡐࡡ⤎ᯕࢅ Table 6, 7࡞ࡱ࡛ࡴࡒࠊࡱࡒ 10 ಶࡡ୕᪴ࡡሔྙࡢ㢟ⴥ࡞୕᪴
ࡊࡒ(ЌЌ)࡛ᏽ⩇ࡊࡒࠊDMSO ᭒㟚⣵⬂࡚ mRNA Ⓠ⌟࠿ヾࡴࡼࡿࡍࠉ5-aza-dC ᭒㟚⣵
⬂࡚ࡡࡲヾࡴࡼࡿࡒሔྙࡢ≁࡞㢟ⴥ࡞୕᪴(ЌЌ*)࡛ᏽ⩇ࡊࡒࠊᑊ㇗࡛ࡊࡒ CYP 㐿ఎᏄ
14 ⛸ࡡ࠹ࡔ 11 㐿ఎᏄ࡚ࠉⷾ∸ࢹࣚࣤࢪ࣭࣎ࢰ࣭㐿ఎᏄ 9 ⛸ࡡ࠹ࡔ 5 㐿ఎᏄ࡚ mRNA
Ⓠ⌟㔖ࡡ୕᪴࠿ヾࡴࡼࡿࡒࠊFig.2 ࡞♟ࡌࡻ࠹࡞ mRNA Ⓠ⌟㔖୕᪴ࡡヾࡴࡼࡿࡒ㐿ఎ
Ꮔࡡࣂࢰ࣭ࣤࡢ⣵⬂㛣࡚ኬࡀࡂ␏࡝ࡾࡆ࡛࠿᪺ࡼ࠾࡛࡝ࡖࡒࠊࡱࡒⓆ⌟୕᪴ࡡヾࡴࡼ
ࡿࡒ㐿ఎᏄᩐࡵ⣵⬂㛣࡚␏࡝ࡽࠉHepG2ࠉHLEࠉLS180ࠉCaco-2 ࠽ࡻࡦ Caki-1 ⣵⬂࡞
࠽࠷࡙よᯊࡊࡒ 23 㐿ఎᏄࡡ࠹ࡔࡐࡿࡑࡿ 8ࠉ8ࠉ9ࠉ1 ࠽ࡻࡦ 7 㐿ఎᏄ࡚ mRNA Ⓠ⌟㔖
ࡡ୕᪴࠿ヾࡴࡼࡿࡒࠊ
12
A
HepG2 cells Caki-1 cellsLS180 cellsCaco-2 cellsHLE cells
NDMSO 5-aza-dC NDMSO 5-aza-dC NDMSO 5-aza-dC NDMSO 5-aza-dC NDMSO 5-aza-dC
CYP1A1
CYP1A2
CYP1B1
CYP2B6
CYP2D6
CYP2C8
CYP2C9
CYP2C18
CYP2C19
CYP2E1
CYP3A5
CYP3A7
CYP3A43
CYP3A4
HepG2 cells Caki-1 cellsLS180 cellsCaco-2 cellsHLE cells
NDMSO 5-aza-dC NDMSO 5-aza-dC NDMSO 5-aza-dC NDMSO 5-aza-dC NDMSO 5-aza-dC
SLCO1B3
SLCO1B1
SLCO1A2
MRP1
BCRP
B2M
SLCO2B1
MDR1
OCT1
MRP2
Figure 1. Effect of 5-aza-dC on mRNA expression levels of the pharmacokinetics-associated genes. HepG2, HLE, Caco-2, LS180 and Caki-1
cells were cultured for 4 days in the absence or presence of 5 µM 5-aza-dC. mRNA expression levels of drug metabolizing enzymes (A) and
drug transporters (B) in these cells were determined by RT-PCR analysis. β -2-Microglobulin (B2M) mRNA expression level was also
determined by RT-PCR analysis as an internal standard. PCR was performed twice independently, and representative data was shown.  A
symbol * indicates the increase of mRNA expression level. N.D., not detected ;N, negative control.
B
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SLCO1A2 →↑↑* ↑↑* ↑↑*→
SLCO1B3 → → ↑↑*↑↑*↑↑
SLCO2B1 → → → → →
OCT1 → → → → →
MRP2 → → → → →
MDR1 → → → → →
MRP1 ↑ → → →→
SLCO1B1 ↑↑*→ → → →
BCRP ↑↑* → →→ →
A symbol * indicates that mRNA expression were not detected in DMSO treated
cells but detected in 5-aza-dC treated cells.
SLCO, solute carrier organic anion transporter; OCT, organic cation transporter;
MDR, multi-drug resistance protein MRP, multidrug resistance-associated protein;
BCRP, breast cancer resistance protein; →,  not changed; ↑, increase; ↑↑, strongly
increase; N.D., not detected.
HepG2 HLE Caco-2 LS180 Caki-1
Table 7. Effect of 5-aza-dC on mRNA expression levels of the drug transporter genes
Gene name Human cell lines
CYP2D6
CYP1B1
CYP2E1
CYP1A2
CYP3A4
CYP1A1
CYP2B6
CYP2C8
CYP2C18
CYP2C19
CYP2C9
CYP3A5
CYP3A43
CYP3A7
HepG2
→
→
→
↑
↑
→
↑
→
→
↑↑
↑
↑
→
→
HLE
N.D.
→
→
N.D.
→
↑
N.D.
↑
↑
↑
↑
→
N.D.
↑
Caco-2
N.D.
→
→
N.D.
→
→
→
→
→
→
→
→
N.D.
→
LS180
N.D.
→
→
↑
→
→
N.D.
↑
↑
↑
↑↑
→
N.D.
↑↑*
Caki-1
N.D.
→
→
N.D.
→
→
N.D.
↑
↑
↑
↑
→
N.D.
↑↑*
Table 6. Effect of 5-aza-dC on mRNA expression levels of the drug metabolizing enzyme genes
Gene name Human cell lines
A symbol * indicates that mRNA expression were not detected in DMSO treated
cells but detected in 5-aza-dC treated cells. CYP, cytochrome P450; →, not
changed; ↑, increase; ↑↑, strongly increase; N.D., not detected.
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LS180 cells
HLE cells HepG2 cells
Caki-1 cells
SLCO1A2
SLCO1B3
MRP1
BCRP
CYP1A2
CYP3A4CYP1A1
CYP2B6
CYP2C8
CYP2C18
CYP2C19
CYP2C9
CYP3A5
CYP3A7
SLCO1B1
Caco-2 cells
Figure 2. Illustration for cell-type specificity or overlaps in gene expression induced by 5-aza-dC in HepG2, HLE, Caco-2, LS180 and Caki-1
cells. Specificity and overlap in gene expression induced by 5-aza-dC in HepG2, HLE, Caco-2, LS180 and Caki-1 cells were summarized. The
numbers under the names of human cell lines indicate a number of genes induced by 5-aza-dC in each cells.
(8) (8)
(9)
(1)
(7)
CYP3A43
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2ࠈ㌹෕ᅄᏄ mRNAⓆ⌟㔖ንິࡡよᯊ
ࠈⷾ∸ິឺ㛭㏻㐿ఎᏄⓆ⌟ㄢ⟿࡞㛭୙ࡌࡾࡆ࡛࠿ሒ࿈ࡈࡿ࡙࠷ࡾ㌹෕ᅄᏄࢅᑊ㇗࡛ࡊ
࡙ 5-aza-dC࡞ࡻࡾࡐࡿࡼࡡ mRNAⓆ⌟㔖ንິࢅよᯊࡊࡒ(Table 8, Figure 3)ࠊࡐࡡ⤎ᯕࠉ
よᯊࡊࡒ 12 㐿ఎᏄࡡ࠹ࡔ 10 㐿ఎᏄ࡞ࡗ࠷࡙ࡢ 5-aza-dC ᭒㟚࡞ࡻࡾⴥ᪺࡝Ⓠ⌟ን໩࠿
ヾࡴࡼࡿ࡝࠾ࡖࡒࡵࡡࡡࠉCaco-2ࠉLS180ࠉCaki-1 ⣵⬂࡚ PXR ࡡࠉHLE ⣵⬂࡚ HNF4α
ࡡ mRNAⓆ⌟㔖ࡡ୕᪴࠿ヾࡴࡼࡿࡒࠊࡊ࠾ࡊ HepG2⣵⬂࡚ࡢࡆࡿࡼ㌹෕ᅄᏄࡡ mRNA
Ⓠ⌟ን໩ࡢヾࡴࡼࡿ࡝࠾ࡖࡒࠊ
HepG2 cells Caki-1 cellsLS180 cellsCaco-2 cellsHLE cells
NDMSO 5-aza-dC NDMSO 5-aza-dC NDMSO 5-aza-dC NDMSO 5-aza-dC NDMSO 5-aza-dC
PXR
CAR
FXR
HNF1α
HNF1β
HNF3β
HNF4α
AHR
ARNT
CEBPα
CEBPβ
PPARα
Figure 3. Effect of 5-aza-dC on mRNA expression levels of the transcription factor genes. HepG2, HLE, Caco-2, LS180 and Caki-1 cells were
cultured for 4 days in the absence or presence of 5 µM 5-aza-dC. mRNA expression levels of transcription factors in these cells were determined
by RT-PCR analysis. β-2-Microglobulin (B2M) mRNA expression level was also determined by RT-PCR analysis as an internal standard. PCR
was performed twice independently, and representative data was shown.  A symbol * indicates the increase of mRNA expression level. N.D., not
detected ;N, negative control.
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CAR N.D. N.D. N.D. N.D.→
PXR N.D.→ ↑ ↑ ↑↑*
HNF4α N.D.→ ↑↑* → →
HNF1α → → → → →
HNF1β → → → → →
HNF3β → N.D. → → →
PPARα → → → → →
FXR → → → → →
AHR → → → →→
ARNT → → → →→
CEBPα → → → →→
CEBPβ → → → →→
HepG2 HLE Caco-2 LS180 Caki-1
A symbol * indicates that mRNA expression were not detected in DMSO
treated cells but detected in 5-aza-dC treated cells. PXR, pregnan x
receptor; CAR, constitutive active receptor; FXR, farnesoid x-activated
receptor; PPAR, peroxisome proliferator-activated receptor; HNF,
hepatocyte nuclear factor; AHR, aryl hydrocarbon receptor; ARNT, aryl
hydrocarbon receptor nuclear translocator; CEBP, CCAAT/enhancer-
binding protein; →, not changed; ↑, increase; ↑↑, strongly increase; N.D.,
not detected.
Table 8. Effect of 5-aza-dC on mRNA expression levels of transcription
factor genes
Gene name Human cell lines
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ࠈCaco-2ࠉLS180 ࠽ࡻࡦ Caki-㸦⣵⬂࡞࠽ࡄࡾ PXR ࡡࠉHLE ⣵⬂࡞࠽ࡄࡾ HNF4αࡡᵾ
Ⓩ㐿ఎᏄࡡⓆ⌟ን໩ࢅࡱ࡛ࡴ࡙ Table 9, 10 ࡞♟ࡊࡒࠊPXR Ⓠ⌟㔖ࡡ୕᪴࠿ヾࡴࡼࡿࡒ
LS180 ࠽ࡻࡦ Caki-㸦ࡡ୦⣵⬂࡚ CYP2C8ࠉCYP2C9 ࠽ࡻࡦ SLCO1A2 㐿ఎᏄࡡ mRNA
Ⓠ⌟㔖࠿୕᪴ࡊ࡙࠽ࡽࠉPXR mRNA Ⓠ⌟㔖୕࡛᪴ࡡ㛭㏻࠿ヾࡴࡼࡿࡾࡵࡡࡡࠉྜྷࡋࡂ
ᵾⓏ㐿ఎᏄ࡚࠵ࡾ CYP3A4, CYP3A5 㐿ఎᏄࡡ mRNA Ⓠ⌟ࡢን໩࠿ヾࡴࡼࡿ࡝࠾ࡖࡒ
(Table 9)ࠊࡈࡼ࡞ Caco-2 ⣵⬂࡞࠽࠷࡙ࡢ PXR ᵾⓏ㐿ఎᏄࡡⓆ⌟㔖ࡡ୕᪴࠿ヾࡴࡼࡿ࡝
࠾ࡖࡒࠊࡱࡒ HNF4αࡡⓆ⌟୕᪴ࡡヾࡴࡼࡿࡒ HLE ⣵⬂࡞࠽࠷࡙ࡐࡡᵾⓏ㐿ఎᏄ࡚࠵
ࡾ CYP1A1ࠉCYP2Cs ࠽ࡻࡦ CYP3A7 㐿ఎᏄࡡ mRNA Ⓠ⌟㔖ࡡ୕᪴࠿ヾࡴࡼࡿࡒ࠿ࠉ
ྜྷࡋࡂᵾⓏ㐿ఎᏄ࡚࠵ࡾ CYP3A5ࠉCYP3A4 㐿ఎᏄࡡ mRNA Ⓠ⌟ࡡን໩ࡢヾࡴࡼࡿ࡝
࠾ࡖࡒ(Table 10)ࠊ
→, not changed; ↑, increase; N.D., not detected.
Table 10. Effect of HNF4α up-regulation by 5-aza-dC on mRNA  expression levels of its target genes
CYP1A2 N.D.
CYP2C8 ↑
CYP2C18 ↑
CYP2C19 ↑
CYP2C9 ↑
CYP3A4 →
CYP3A5 →
CYP3A7 ↑
HLE cellsGene name
CYP1A1 ↑
CYP2C8 → ↑ ↑
CYP2C9 → ↑↑ ↑
CYP3A4 → → →
CYP3A5 → → →
CYP3A7 → ↑ ↑* ↑ ↑*
SLCO1A2 → ↑ ↑* ↑ ↑*
Caco-2 LS180 Caki-1
Human cell lineGene name
A symbol * indicates that mRNA expression were not detected in DMSO treated cells but detected
in 5-aza-dC treated cells. cells. →, not changed; ↑, increase; ↑ ↑, strongly increase.
Table 9. Effect of PXR up-regulation by 5-aza-dC on mRNA  expression levels of its target genes
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⩻ᐳ
ࠈᮇ◂✪࡚よᯊࡊࡒ༖ᩐ௧୕ࡡⷾ∸ິឺ㛭㏻㐿ఎᏄ࡚ 5-aza-dC ᭒㟚࡞ࡻࡾ mRNA Ⓠ⌟
㔖୕᪴࠿ヾࡴࡼࡿ (Fig.1, Table 6, 7)ࠉኣࡂࡡⷾ∸ິឺ㛭㏻㐿ఎᏄ࠿ DNA ࣒ࢲࣜ໩࡞ࡻ
ࡽⓆ⌟โᚒࢅུࡄࡾྊ⬗ᛮ࠿⩻࠻ࡼࡿࡒࠊ௑ᅂࡡ᳠ゞ࡚ヾࡴࡼࡿࡒ 5-aza-dC ᭒㟚࡞ࡻ
ࡾ㐿ఎᏄⓆ⌟୕᪴࡞ࡢ㌹෕ㄢ⟿㡷ᇡࡡ⬲࣒ࢲࣜ໩࡞㉫ᅄࡌࡾ࣒࢜ࢼࢫ࣑࠽ࡻࡦ㌹෕ᅄ
ᏄࡡⓆ⌟㔖୕᪴࡞㉫ᅄࡌࡾ࣒࢜ࢼࢫ࣑ࡡ㛭୙࠿⩻࠻ࡼࡿࡾࠊᚃ⩽ࡡ࣒࢜ࢼࢫ࣑ࡡ㛭୙
ࢅ᪺ࡼ࠾࡛ࡌࡾࡒࡴࠉⷾ∸ິឺ㛭㏻㐿ఎᏄࡡⓆ⌟ㄢ⟿࡞㛭ࢂࡾ㌹෕ᅄᏄ࡞ࡗ࠷࡙ࡵⓆ
⌟㔖ንິࡡよᯊࢅ࠽ࡆ࡝ࡖࡒ(Fig. 3, Table 8)ࠊࡐࡡ⤎ᯕࠉⷾ∸ິឺ㛭㏻㐿ఎᏄࡡⓆ⌟ㄢ
⟿࡞㛭ࢂࡾ㌹෕ᅄᏄࡡ࡮࡛ࢆ࡜ࡢ 5-aza-dC࡞ࡻࡾⓆ⌟ን໩ࢅヾࡴࡼࡿ࡝࠾ࡖࡒࡵࡡࡡࠉ
Caco-2ࠉLS180 ࠽ࡻࡦ Caki-1 ⣵⬂࡚ PXR ࡡࠉHLE ⣵⬂࡚ HNF4αࡡ mRNA Ⓠ⌟㔖ࡡ୕
᪴࠿ヾࡴࡼࡿࠉPXR ࠽ࡻࡦ HNF4αᵾⓏ㐿ఎᏄࡡⓆ⌟୕᪴࡞ᑊࡊ࡙㛭୙ࡊ࡙࠷ࡾྊ⬗ᛮ
࠿⩻࠻ࡼࡿࡒࠊࡊ࠾ࡊࠉCaco-2 ⣵⬂࡞࠽࠷࡙ࡆࡿࡼᵾⓏ㐿ఎᏄࡡⓆ⌟㔖࡞ን໩࠿ヾࡴ
ࡼࡿ࡝࠾ࡖࡒ(Table 9)ࠊࡆࡡཋᅄࡡୌࡗ࡛ࡊ࡙ࠉmRNA Ⓠ⌟㔖ࡡ୕᪴࠿ࢰࣤࣂࢠ㈻Ⓠ
⌟࡞ཬ᫆ࡈࡿ࡝࠷ྊ⬗ᛮ࠿⩻࠻ࡼࡿࡾࠊୌ⯙࡞࣏࢕ࢠࣞ RNA ࡢࢰࣤࣂࢠ㈻ࡡ⩳ゼࢅᢒ
โࡌࡾࡆ࡛࠿▩ࡼࡿ࡙࠽ࡽࠉ⫚⮒࡞㧏ࡂⓆ⌟ࡊ࡙࠷ࡾ࣏࢕ࢠࣞ RNA ࡚࠵ࡾ miR-148a
ࡢ PXR ࡡ⩳ゼࢅᢒโࡊ(Takagi et al., 2008)ࠉࡈࡼ࡞ DNA ࣒ࢲࣜ໩㜴ᐐ๠᭒㟚࡞ࡻࡖ࡙
Ⓠ⌟࠿୕᪴ࡌࡾࡆ࡛࠿ሒ࿈ࡈࡿ࡙࠷ࡾ(Lujambio et al., 2008)ࠊࡆࡡࡻ࠹࡞ 5-aza-dC ᭒㟚
࡞ࡻࡖ࡙ miRNA Ⓠ⌟࠿୕᪴ࡊࠉࡆࡿࡼ PXRࠉHNF4αࡡ⩳ゼ࠿ᢒโࡈࡿࠉmRNA Ⓠ⌟
㔖ࡡ୕᪴࠿ࢰࣤࣂࢠ㈻Ⓠ⌟㔖ࡡ୕᪴࡞ཬ᫆ࡈࡿ࡝࠷ྊ⬗ᛮ࠿⩻࠻ࡼࡿࡾࠊࡆࡡሔྙࠉ
ࡆࡿࡼ㌹෕ᅄᏄ mRNA Ⓠ⌟୕࡛᪴ࡢ≺❟ࡊࡒ࣒࢜ࢼࢫ࣑࡚࠵ࡾ㌹෕ㄢ⟿㡷ᇡ࡞࠽ࡄࡾ
DNA ࡡ⬲࣒ࢲࣜ໩࠿ᵾⓏ㐿ఎᏄࡡ mRNA Ⓠ⌟㔖୕᪴ࡡ୹࡝࣒࢜ࢼࢫ࣑࡛ࡊ࡙㛭୙ࡌ
ࡾ࡛⩻࠻ࡼࡿࡒࠊࡱࡒⷾ∸ິឺ㛭㏻㐿ఎᏄࡡⓆ⌟ㄢ⟿࡞㛭ࢂࡾ㌹෕ᅄᏄࡡ࡮࡛ࢆ࡜ࡢ
5-aza-dC ᭒㟚࡞ࡻࡾⓆ⌟㔖ࡡን໩ࢅヾࡴࡼࡿ࡝࠾ࡖࡒࡆ࡛࠾ࡼࡵࠉ㌹෕ᅄᏄⓆ⌟㔖ࡡ
୕࡚᪴ࡢ࡝ࡂ㌹෕ㄢ⟿㡷ᇡࡡ⬲࣒ࢲࣜ໩࠿ 5-aza-dC ᭒㟚࡞ࡻࡾⷾ∸ິឺ㛭㏻㐿ఎᏄⓆ
⌟㔖ࡡ୕᪴࡞㛭୙ࡌࡾ୹࡝࣒࢜ࢼࢫ࣑࡚࠵ࡾྊ⬗ᛮ࠿⩻࠻ࡼࡿࡒࠊ
ࠈࡆࡿࡱ࡚࡞ኣᩐࡡ㐿ఎᏄ࡞ࡗ࠷࡙ 5-aza-dC ᭒㟚࡞ࡻࡾⓆ⌟ࡡንິࢅよᯊࡊࡒሒ࿈ࡢ
Ꮛᅹࡌࡾࡵࡡࡡ (Dannenberg et al., 2006)ࠉࡆࡿࡼሒ࿈ࡢ 1 ⛸㢦ࡡ⣵⬂ࢅ⏕࠷ࡒ᳠ゞ࡚
࠵ࡽࠉࡐࡡ⣵⬂≁␏ᛮ࡞ࡗ࠷࡙ࡢ᳠ゞࡈࡿ࡙࠷࡝࠾ࡖࡒࠊᮇ◂✪࡚⏕࠷ࡒ 5 ⛸ࡡ⣵⬂
࡞࠽࠷࡙Ⓠ⌟㔖࠿୕᪴ࡊࡒⷾ∸ິឺ㛭㏻㐿ఎᏄࡡᩐ࠽ࡻࡦࣂࢰ࣭ࣤ࡞⣵⬂≁␏ᛮ࠿ヾ
ࡴࡼࡿ (Fig. 3)ࠉDNA ࣒ࢲࣜ໩࡞ࡻࡾ಴ࠍࡡⷾ∸ິឺ㛭㏻㐿ఎᏄⓆ⌟โᚒ࣒࢜ࢼࢫ࣑
ࡢ⣵⬂࡞ࡻࡽ␏࡝ࡖ࡙࠷ࡾྊ⬗ᛮ࠿⩻࠻ࡼࡿࡒࠊࡆࡡ⣵⬂≁␏ᛮࢅぞᏽࡌࡾさᅄ࡛ࡊ
࡙ࠉ⏕࠷ࡒ⣵⬂ࡡ DNA ࣒ࢲࣜ໩≟ឺ࠽ࡻࡦ㌹෕ᅄᏄⓆ⌟㔖࠿⩻࠻ࡼࡿࡾࠊDNA ࡡ࣒
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ࢲࣜ໩ࣂࢰ࣭ࣤࡢ⤄⧂࡞ࡻࡖ࡙␏࡝ࡽࠉྜྷࡋ⤄⧂⏜ᮮࡡᇰ㣬⣵⬂࡚࠵ࡖ࡙ࡵ DNA ࡡ
࣒ࢲࣜ໩ࣂࢰ࣭ࣤ࠿␏࡝ࡾࡆ࡛࠿々ᩐሒ࿈ࡈࡿ࡙࠷ࡾ(Ohgane et al., 2008)ࠊࡱࡒ 5-aza-
dC ᭒㟚࡞ࡻࡾ ADAM23 㐿ఎᏄⓆ⌟ንິࡢྜྷࡋኬ⭘⏜ᮮ⣵⬂࡚ࡵࡐࡡᣪິ࠿␏࡝ࡽࠉ
ࡆࡿࡢ DNA ࡡ࣒ࢲࣜ໩≟ឺ࡞㉫ᅄࡌࡾࡆ࡛ࡵሒ࿈ࡈࡿ࡙࠷ࡾ(Choi et al., 2008)ࠊࡆࡡ
ࡻ࠹࡝⣵⬂࡞ࡻࡾ࣒ࢲࣜ໩ࣂࢰ࣭ࣤࡡ㐢࠷࠿ⷾ∸ິឺ㛭㏻㐿ఎᏄⓆ⌟ㄢ⟿㡷ᇡ࡞Ꮛᅹ
ࡌࡾሔྙࠉ5-aza-dC ᭒㟚࡞ࡻࡾ⬲࣒ࢲࣜ໩ࡡᙫ㡢ུࡄ࠹ࡾ㡷ᇡ࠿⣵⬂࡞ࡻࡽ␏࡝ࡾࡒ
ࡴࠉⓆ⌟࠿୕᪴ࡌࡾ㐿ఎᏄࣂࢰ࣭ࣤࡡ㐢࠷ࢅ⏍ࡋࡈࡎࡾࠊࡱࡒࠉࡆࡿࡼ DNA ࣒ࢲࣜ
໩≟ឺ௧አ࡞⣵⬂≁␏ᛮ࡞㛭୙ࡌࡾさᅄ࡛ࡊ࡙㌹෕ᅄᏄⓆ⌟㔖ࡡ⣵⬂ᕣ࠿⩻࠻ࡼࡿࡾࠊ
ᮇ◂✪࡚ࡢⷾ∸ິឺ㛭㏻㐿ఎᏄࡡ㌹෕ㄢ⟿࡞㛭୙ࡌࡾ࡛ሒ࿈ࡈࡿ࡙࠷ࡾ௥⾪Ⓩ࡝㌹෕
ᅄᏄ mRNA Ⓠ⌟㔖࡞ࡗ࠷࡙ࡵよᯊࢅ࠽ࡆ࡝࠷ࠉᇱᗇ≟ឺ࡞࠽ࡄࡾ྘⣵⬂ࡡ㌹෕ᅄᏄⓆ
⌟ࣈࣞࣆ࢒࢕ࣜࡢ⣵⬂࡞ࡻࡖ࡙␏࡝ࡾࡆ࡛࠿᪺ࡼ࠾࡛࡝ࡖࡒ(Fig. 2)ࠊࡆࡿࡱ࡚࡞ࠉࣃ
ࢹ⫿ᛮ⭀⏜ᮮ⣵⬂࡚࠵ࡾ HEK293 ⣵⬂࡞ 5-aza-dC ᭒㟚ࡱࡒࡢ HNF1αࡡᑙථࢅࡐࡿࡑࡿ
༟≺࡚࠽ࡆ࡝ࡖ࡙ࡵ OAT3 mRNA Ⓠ⌟࠿ヾࡴࡼࡿ࡝࠷࠿ࠉ5-aza-dC ฌ⌦࠽ࡻࡦ HNF1α
ࡡᑙථࢅె⏕ࡌࡾࡆ࡛࡞ࡻࡽOAT3 mRNAⓆ⌟ࡌࡾࡆ࡛࠿ሒ࿈ࡈࡿ࡙࠷ࡾ(Kikuchi et al.,
2006)ࠊࡆࡡࡻ࠹࡞㌹෕ᅄᏄࡡⓆ⌟࠿࡝࠷࠵ࡾ࠷ࡢ୘༎ฦ࡝⣵⬂࡚ࡢ㌹෕ᅄᏄㄢ⟿㡷ᇡ
ࡡ⬲࣒ࢲࣜ໩࡞ࡻࡾ㐿ఎᏄⓆ⌟୕᪴࠿ᘽ࠷࠵ࡾ࠷ࡢヾࡴࡼࡿ࡝࠷ྊ⬗ᛮ࠿⩻࠻ࡼࡿࡾࠊ
ࡊࡒ࠿ࡖ࡙ࠉࡆࡿࡼ㌹෕ᅄᏄⓆ⌟㔖ࡡᕣ࠿ 5-aza-dC ᭒㟚࡞ࡻࡾ⣵⬂≁␏Ⓩ㐿ఎᏄⓆ⌟
㔖୕᪴ࣂࢰ࣭ࣤࢅ⏍ࡋࡈࡎࡾྊ⬗ᛮ࠿⩻࠻ࡼࡿࡒࠊ಴ࠍࡡ㐿ఎᏄ࡞ࡗ࠷࡙ DNA ࣒ࢲ
ࣜ໩࡞ࡻࡾⓆ⌟࣒࢜ࢼࢫ࣑ࡡ㛭୙ࢅ᪺ࡼ࠾࡛ࡌࡾࡒࡴ࡞ࡢ୕㏑ࡊࡒ࣒ࢲࣜ໩ࣂࢰ࣭ࣤ
ࡡ⣵⬂ᕣ࠽ࡻࡦࡆࡿࡼ㌹෕ᅄᏄࡡࢰࣤࣂࢠ㈻Ⓠ⌟㔖ࡡ⣵⬂ᕣ࡞ࡗ࠷࡙᳠ゞࢅ࠽ࡆ࡝࠹
ᚪさ࠿࠵ࡾ࡛⩻࠻ࡼࡿࡒࠊ
ࠈ௧୕ࠉᮇ◂✪࡞ࡻࡽኣࡂࡡⷾ∸ິឺ㛭㏻㐿ఎᏄ࠿ DNA ࣒ࢲࣜ໩࡞ࡻࡾⓆ⌟โᚒࢅ
ུࡄ࡙࠷ࡾྊ⬗ᛮ࠿⩻࠻ࡼࡿࡒࠊࡱࡒ಴ࠍࡡ㐿ఎᏄ࡞࠽ࡄࡾ DNA ࣒ࢲࣜ໩࡞ࡻࡾⓆ
⌟โᚒ࣒࢜ࢼࢫ࣑ࢅ᪺ࡼ࠾࡛ࡌࡾࡒࡴ࡞ࡢࡐࡡ㐿ఎᏄࡡ DNA ࣒ࢲࣜ໩វུᛮ㌹෕ㄢ
⟿㡷ᇡ࠽ࡻࡦࡐࡡ㡷ᇡ࡞ష⏕ࡌࡾ㌹෕ᅄᏄ࡞ࡗ࠷࡙ࡡ᳠ゞ࠿ᚪさ࡛⩻࠻ࡼࡿࡒࠊ
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➠஦❮ࠈGC࣍ࢴࢠࢪ࣒ࢲࣜ໩࡞ࡻࡾ CYP1A2㐿ఎᏄⓆ⌟โᚒ࣒࢜ࢼࢫ࣑ࡡよ᪺
ᗆᩝ
ࠈCYP1A2ࡢ⫚⮒࡞Ⓠ⌟ࡌࡾ௥⾪Ⓩ࡝ⷾ∸௥ㅨ㓕⣪࡚ࠉflutamideࡷtizanidine࡝࡜ࡡ⮣ᗃ
࡚౐⏕ࡈࡿ࡙࠷ࡾኣࡂࡡ༈ⷾဗࡡ௥ㅨࡷ⒬ཋ∸㈻ࡡ௥ㅨὩᛮ໩࡞㛭ࢂࡾࡆ࡛࠿ሒ࿈ࡈ
ࡿ࡙࠽ࡽ(Faber et al.,2005; Battula et al., 1987)ࠉ༈ⷾဗࡡⷾ∸ິឺࡷ໩ᏕⓆ⒬࡞㛭ࢂࡾ㔔
さ࡝௥ㅨ㓕⣪࡛⩻࠻ࡼࡿ࡙࠷ࡾࠊࡱࡒCYP1A2ࡢ࢙࢕ࢤࢦࢿ࢕ࢺࡷࢪࢷࣞ࢕ࢺ࡝࡜ࡡ
⏍మහ∸㈻ࡡ௥ㅨ࡞ࡵ㛭ࢂࡾࡆ࡛࠿ሒ࿈ࡈࡿ࡙࠽ࡽ(Yamazaki et al., 1999)ࠉ⏍మ࡚రࡼ
࠾ࡡᙲ๪ࢅᢰ࠹࡛⩻࠻ࡼࡿ࡙࠷ࡾࠊ
ࠈ⥬ゕ࡚ࡵ㏑࡬ࡒ࠿ࠉୌ⯙࡞㐿ఎᏄࡡⓆ⌟࡞ࡢ㌹෕ᅄᏄ࡛ࡐࡿ࠿ష⏕ࡌࡾࢣࢿ࣑DNA
ࡡᚃኮⓏಞ㣥(࢙ࣅࢩ࢘ࢾࢷ࢔ࢠࢪ)࠿ࡐࡡⓆ⌟ㄢ⟿࡞㛭ࢂࡾ࡛⩻࠻ࡼࡿ࡙࠽ࡽࠉ⫚⮒
࡞࠽ࡄࡾCYP1A2㐿ఎᏄ࡞ࡗ࠷࡙ࡵࡆࡿࡼ2ࡗࡡ࣒࢜ࢼࢫ࣑࡚ࡐࡡⓆ⌟࠿โᚒࡈࡿࡾ࡛
᥆ᐳࡈࡿࡾࠊࡆࡿࡱ࡚ࡡ◂✪࡞ࡻࡽ⫚⮒࡞࠽࠷࡙CYP1A2㐿ఎᏄࡡⓆ⌟ࢅโᚒࡌࡾ㌹෕
ᅄᏄ࠿ྜྷᏽࡈࡿ࡙ࡀࡒࠊ⫚⮒࡞㧏ࡂⓆ⌟ࡌࡾ㌹෕ᅄᏄ࡚࠵ࡾHNF1α࠽ࡻࡦHNF4αࡢ
CYP1A2㐿ఎᏄࡡ୕Ὦᇡ࡞Ꮛᅹࡌࡾ࢙ࣤࣀࣤࢦ࣭㡷ᇡ࡞ష⏕ࡊࠉCYP1A2㐿ఎᏄⓆ⌟࡞
㛭୙ࡌࡾ࡛ሒ࿈ࡈࡿ࡙࠷ࡾ(Chung et al., 1997; Martínez-Jiménez et al., 2006)ࠊୌ᪁ࠉࣈࣞ
࣓࣭ࢰ࣭㡷ᇡ࡚ࡢupstream stimulatory factor 1 (USF1)࠽ࡻࡦnuclear factor-1 (NF-1) ࠿ࡐ
ࡿࡑࡿE࣍ࢴࢠࢪ࠽ࡻࡦNF-1ᵕelement࡞ష⏕ࡊ࡙CYP1A2ࣈ࣓࣭ࣞࢰ࣭Ὡᛮࢅโᚒࡊ࡙
࠷ࡾࡆ࡛࠿ሒ࿈ࡈࡿ࡙࠷ࡾ(Narvaez et al., 2005)ࠊࡆࡿࡼࡡcis-elements௧አ࡞CYP1A2㐿
ఎᏄࡡࣈ࣓࣭ࣞࢰ࣭㡷ᇡ࡞ࡢTATA࣍ࢴࢠࢪ࡞㝼᥃ࡊࡒGC࣍ࢴࢠࢪࡡᏋᅹ࠿ሒ࿈ࡈࡿ
࡙࠷ࡾ࠿(Chung et al., 1995)ࠉࡐࡡᶭ⬗ࡢ᪺ࡼ࠾࡛࡝ࡖ࡙࠷࡝࠷ࠊࡱࡒࠉࣈ࣓࣭ࣞࢰ࣭
㡷ᇡࡡGC࣍ࢴࢠࢪࡢ㐿ఎᏄࡡⓆ⌟࡞㔔さ࡝ᙲ๪ࢅᢰ࠹ࡆ࡛࠿々ᩐࡡ㐿ఎᏄ࡚ሒ࿈ࡈࡿ
࡙࠷ࡾ(Schwarzmayr et al.,2008; Chen et al., 2008)ࠊୌ⯙࡞GC࣍ࢴࢠࢪࡢࡐࡡ㒼าහ࡞
DNA࣒ࢲࣜ໩㓕⣪ࡡᵾⓏ㒼า࡚࠵ࡾCpG㒼าࢅྱࡲࠉࡆࡿࡱ࡚࡞࣏ࢗࢪ lactate
dehydrogenase c㐿ఎᏄ࠽ࡻࡦࣃࢹsecretin receptor㐿ఎᏄ㐿ఎᏄࡡࣈ࣓࣭ࣞࢰ࣭㡷ᇡ
࡞ᏋᅹࡌࡾGC࣍ࢴࢠࢪࡡ࣒ࢲࣜ໩࡞ࡻࡽࡐࡿࡼࡡⓆ⌟࠿ᢒโࡈࡿࡾࡆ࡛࠿ሒ࿈ࡈࡿ࡙
࠷ࡾ(Kroft  et al., 2001; Pang, et al., 2004)ࠊࡊࡒ࠿ࡖ࡙ࡆࡡCYP1A2㐿ఎᏄࡡࣈ࣓࣭ࣞࢰ
࣭㡷ᇡ࡞ᏋᅹࡌࡾGC࣍ࢴࢠࢪࡢࡐࡡ㐿ఎᏄⓆ⌟โᚒ࡞㔔さ࡝ᙲ๪ࢅᢰࡖ࡙࠽ࡽࠉࡆࡡ
GC࣍ࢴࢠࢪ࡞ࡻࡾCYP1A2㐿ఎᏄⓆ⌟โᚒ࡞ࡢCpG࣒ࢲࣜ໩࠿㛭୙ࡊ࡙࠷ࡾྊ⬗ᛮ࠿
⩻࠻ࡼࡿࡾࠊ
ࠈࡐࡆ࡚ᮇ◂✪࡚ࡢ⫚⮒࡞࠽ࡄࡾCYP1A2㐿ఎᏄⓆ⌟࡞ᑊࡌࡾGC࣍ࢴࢠࢪ࠽ࡻࡦࡐࡡ
CpG࣒ࢲࣜ໩ࡡᙲ๪ࢅ᪺ࡼ࠾࡛ࡌࡾࡆ࡛ࢅ┘Ⓩ࡛ࡊ࡙ࠉ࣭ࣝ࣎ࢰ࣭ࢩ࣭ࣤ࢓ࢴࢬ࢕࡞
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ࡻࡽGC࣍ࢴࢠࢪࡡᶭ⬗ࢅࠉࣃࢹ⤄⧂⏜ᮮᇰ㣬⣵⬂࠽ࡻࡦࣃࢹ⤄⧂࡞࠽ࡄࡾCpG࣒ࢲࣜ
໩≟ឺࢅbisulfite sequenceἪ࡞ࡻࡽよᯊࡊࡒࠊ
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ᐁ㥺ᮞᩩ࠽ࡻࡦᐁ㥺᪁Ἢ
1ࠈࣃࢹ⤄⧂࠽ࡻࡦࣃࢹ⤄⧂⏜ᮮᇰ㣬⣵⬂
ࠈࣃࢹ⤄⧂㸝⫚⮒ࠉ⭀⮒ࠉ⫭࠽ࡻࡦᑚ⭘㸞ࡢ≁ᏽ㟸ႜฺὩິἪெ Human and Animal
Bridging ◂✪ᶭᵋ௛ᒌ◂✪ᡜ (༐ⴝ)ࡻࡽථᡥࡊࡒࠊᮇ◂✪࡞࠽ࡄࡾࡆࡿࡼ᳠మࡡ◂✪
ฺ⏕ࡢࠉ༐ⴝኬᏕኬᏕ㝌ⷾᏕ◂✪㝌࡞ス⨠ࡈࡿࡒ೒⌦ᐼᰕጟဤఌ࡞࠽࠷࡙஥๑࡞ᢆヾ
ࡈࡿ࡙࠷ࡾࠊ
ࠈࣃࢹ⫚⒬⏜ᮮ⣵⬂࡚࠵ࡾ HepG2 ⣵⬂ࡢ᮶໪ኬᏕຊ㱃༈Ꮥ◂✪ᡜ௛ᒌ༈⏕⣵⬂ࢬࣤࢰ
࣭㸝௜ྋ㸞ࡻࡽᚒᜠ୙㈱ࡖࡒࠊࣃࢹኬ⭘⒬⏜ᮮ⣵⬂࡚࠵ࡾ Caco-2 ⣵⬂ࡢ↻ᮇኬᏕⷾᏕ
㒂(↻ᮇ)ࡻࡽᚒᜠ୙㈱ࡖࡒࠊࣃࢹ⫿ᛮ⭀⏜ᮮ⣵⬂࡚࠵ࡾ HEK293 ⣵⬂ࡢ Health Science
Research Bank (ኬ㜨)ࡻࡽᚒᜠ୙㈱ࡖࡒࠊࣃࢹᏄᐋ㢍⒬⏜ᮮ⣵⬂࡚࠵ࡾ HeLa ⣵⬂ࡢࠉ
⌦໩Ꮥ◂✪ᡜ(➻ἴ)ࡻࡽᚒᜠ୙㈱ࡖࡒࠊ
ࠈ
2ࠈCYP1A2 㐿ఎᏄ୕Ὦࡡࢣࢿ࣑ DNA ࢠ࣭ࣞࢼࣤࢡ࠽ࡻࡦ࣭ࣝ࣎ࢰ࣭ࢤࣤࢪࢹࣚࢠࢹ
ࡡష⿿
2-1ࠈCYP1A2㐿ఎᏄ୕Ὦࡡࢣࢿ࣑ DNAࢠ࣭ࣞࢼࣤࢡ࠽ࡻࡦ p4-3188/+37ࡡష⿿
ࠈCYP1A2㐿ఎᏄ୕Ὦ-3188/+37ࡡ㡷ᇡ (GenBank Accession No. AF253322) ࢅྱࡳ࣭ࣝ࣎
ࢰ࣭ࢤࣤࢪࢹࣚࢠࢹ࡚࠵ࡾp4-3188/+37ࡢ௧ୖࡡ᪁Ἢ࡞ࡻࡽష⿿ࡊࡒࠊHuman Genomic
DNA (Promega)ࢅࢷࣤࣈ࣭ࣝࢹ࡛ࡊ࡙ࠉTable 1࡞♟ࡌࣈࣚ࢕࣏࣭ (CYP1A2+37R,
CYP1A2-3188F) ࠽ࡻࡦPrimeSTARTM HS DNA polymerase (TaKaRa Bio) ࢅ⏕࠷࡙PCRࢅ
࠽ࡆ࡝࠷ࠉ┘Ⓩࡡ㡷ᇡࢅቌᖕࡊࡒࠊᚋࡼࡿࡒDNA᩷∞ࢅT4 Polynucleotide Kinase
(T4PNK)(TaKaRa Bio)ฌ⌦ࡊࠉ EcoRV (TaKaRa Bio)࡛Bacterial alkaline phosphathase
(NIPPON GENEࠉ᮶ா)࡚ฌ⌦ࡊࡒpGL4.17 vector (Promega) ࡛ligationࡌࡾࡆ࡛࡞ࡻࡽ
p4-3188/+37ࢅష⿿ࡊࡒࠊDNA㒼าࡢDye Terminator Cycle Sequencing-Quick Start Kit࠽ࡻ
ࡦࣈࣚ࢕࣏࣭ࢅ⏕࠷࡙ࢦ࢕ࢠࣜࢨ࣭ࢠ࢙ࣤࢪཬᚺࢅ࠽ࡆ࡝࠷ࠉCEQ 2000 DNA Analysis
System (භ࡞Beckman Coulter, Fullerton, CA, USA)  ࡞ࡻࡽ☔ヾࢅ࠽ࡆ࡝ࡖࡒࠊ
2-2ࠈࢸ࣭ࣛࢨࣘࣤࢤࣤࢪࢹࣚࢠࢹࡡష⿿
ࠈṹ㝭Ⓩ࡞5’ᮆ❻ࢅḖ኶ࡊࡒ㸩ࡗࢸ࣭ࣛࢨࣘࣤࢤࣤࢪࢹࣚࢠࢹ (p4-28/+37ࠉp4-342/+37ࠉ
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p4-1033/+37ࠉp4-1961/+37) ࢅ௧ୖࡡ᪁Ἢ࡞ࡻࡽష⿿ࡊࡒࠊp4-3188/+37ࢅࢷࣤࣈ࣭ࣝࢹ
࡛ࡊ࡙ࠉTable 1࡞♟ࡌ 4⛸ࡡࣆ࢚࣭࣠ࢺࣈࣚ࢕࣏࣭  (CYP1A2-28F, CYP1A2-342F,
CYP1A2-1033F, CYP1A2-1961F)ࠉ ࣛࣁ࣭ࢪࣈࣚ ࢕࣏࣭  (CYP1A2+37R) ࠽ࡻࡦ
PrimeSTARTM HS DNA polymeraseࢅ⏕࠷࡙nested-PCRࢅ࠽ࡆ࡝࠷ࠉṹ㝭Ⓩ࡞5’ᮆ❻ࢅḖ
኶ࡊࡒ㸩ࡗࡡDNA᩷∞(-28/+37ࠉ-342/+37ࠉ-1033/+37ࠉ-1961/+37) ࢅቌᖕࡊࡒࠊᚋࡼࡿ
ࡒDNA᩷∞ࢅࡐࡿࡑࡿT4PNKฌ⌦ࡊࠉEcoRV࠽ࡻࡦBacterial alkaline phosphathase࡚ฌ
⌦ࡊࡒpGL4.17 vector࡞ligationࡌࡾࡆ࡛࡞ࡻࡽష⿿ࡊࡒࠊDNAࡡሲᇱ㒼าࡢࠉ2-1࡞♟
ࡊࡒ᪁Ἢ࡞ࡻࡽ☔ヾࡊࡒࠊ
2-3ࠈp-342/+37mtࡡష⿿
ࠈCYP1A2㐿ఎᏄ୕Ὦ-37/-32 ࡡ㡷ᇡ࡞ᏋᅹࡌࡾGC࣍ࢴࢠࢪ (5’-GGGCGG-3’) ࡞ን␏
(5’-GGGTAA-3’)ࢅᑙථࡊࡒ࣭ࣝ࣎ࢰ࣭ࢤࢪࢹࣚࢠࢹࡢsite-directed mutagenesisἪ࡞ࡻࡽ
௧ୖࡡࡻ࠹࡞ష⿿ࡊࡒࠊp4-342/+37ࢅࢷࣤࣈ࣭ࣝࢹ࡛ࡊ࡙Table 1࡞♟ࡌ (CYP1A2-47F
mtࠉCYP1A2-37R)࠽ࡻࡦPrimeSTARTM HS DNA polymeraseࢅ⏕࠷ࡒinverse PCRࢅ࠽ࡆ࡝
࠹ࡆ࡛࡞ࡻࡽGC࣍ࢴࢠࢪ࡞ን␏ࢅᑙථࡊࡒࠊᚋࡼࡿࡒPCR⏐∸ࢅDpnI (Promega) ฌ⌦
ࡊ࡙ࢷࣤࣈ࣭ࣝࢹDNAࢅ㝎ཡࡊࡒᚃࠉࢹࣚࣤࢪࣆ࢚࣭࣒࣭ࢨࣘࣤ࡞ࡻࡽp4-342/+37mt
ࢅష⿿ࡊࡒࠊDNAࡡሲᇱ㒼าࡢࠉ2-1࡞♟ࡊࡒ᪁Ἢ࡞ࡻࡽ☔ヾࡊࡒࠊ
2-4ࠈpC-342/+37ࡡష⿿
ࠈpCpGL-basic vectorࡢ Dr. Michael Rheli (Department of Hematology and Oncology,
University Hospital, Regensburg, Germany)ࡻࡽࡇᥞ౩࠷ࡒࡓ࠷ࡒ(Klug et al., 2006)ࠊ
pCpGL-basic vector࡞CYP1A2㐿ఎᏄ୕Ὦ-342/+37㡷ᇡࢅ⤄ࡲ㎲ࢆࡓpC-342/+37ࡢ௧ୖࡡ
᪁Ἢ࡞ࡻࡽష⿿ࡊࡒࠊp4-342/+37ࢅࢷࣤࣈ࣭ࣝࢹ࡛ࡊ࡙Table 1࡞♟ࡌโ㝀㓕⣪ヾㆉ㒼า
ࢅ௛ຊࡊࡒࣈࣚ࢕࣏࣭ (CYP1A2+37R SpeIࠉCYP1A2-342F HindIII)࠽ࡻࡦPrimeSTARTM
HS DNA polymeraseࢅ⏕࠷࡙PCRࢅ࠽ࡆ࡝࠷ࠉCYP1A2㐿ఎᏄ୕Ὦ-342/+37㡷ᇡࢅቌᖕࡊ
ࡒࠊᚋࡼࡿࡒDNA᩷∞ࢅSpeI (TaKaRa Bio)࠽ࡻࡦHindIII(NIPPON GENE)࡚ฌ⌦ࡊࠉࡆ
ࡿࢅྜྷࡋโ㝀㓕⣪࡚ฌ⌦ࡊࡒpCpGL-basic vector࡞᣼ථࡊ࡙pC-342/+37ࢅష⿿ࡊࡒࠊDNA
ࡡሲᇱ㒼าࡢࠉ2-1࡞♟ࡊࡒ᪁Ἢ࡞ࡻࡽ☔ヾࡊࡒࠊ
3 ࠈࣃࢹ paraoxonase 1 (PON1) 㐿ఎᏄ୕Ὦࡡࢣࢿ࣑ DNA ࢠ࣭ࣞࢼࣤࢡ࠽ࡻࡦ࣭ࣝ࣎
ࢰ࣭ࢤࣤࢪࢹࣚࢠࢹࡡష⿿
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ࠈPON1㐿ఎᏄ (GenBank accession no. AF051133) ࡡࣈ࣓࣭ࣞࢰ࣭ࢅྱࡳ࣭ࣝ࣎ࢰ࣭ࢤ
ࣤࢪࢹࣚࢠࢹ(p4-PON1)ࡢ௧ୖࡡ᪁Ἢ࡞ࡻࡽష⿿ࡊࡒࠊHuman genomic DNA (Promega)
ࢅࢷࣤࣈ࣭ࣝࢹ࡛ࡊ࡙ࠉTable 1࡞♟ࡊࡒโ㝀㓕⣪ヾㆉ㒼าࢅ௛ຊࡊࡒࣈࣚ࢕࣏࣭
(PON1-1164F KpnI, PON1+52R SmaI) ࠽ࡻࡦPrimeSTARTM HS DNA polymeraseࢅ⏕࠷࡙
PCRࢅ࠽ࡆ࡝࠷ࠉࣃࢹPON1㐿ఎᏄ୕Ὦ-1164/+52㡷ᇡࢅቌᖕࡊࡒࠊᚋࡼࡿࡒDNA᩷∞
ࢅKpnI (TaKaRa Bio) ࠽ࡻࡦSmaI (TaKaRa Bio)࡚ฌ⌦ࡊࠉࡆࡿࢅKpnI࠽ࡻࡦEcoRV࡚ฌ
⌦ࡊࡒpGL4.17 vector࡛ligationࡌࡾࡆ࡛࡞ࡻࡽp4-PON1ࢅష⿿ࡊࡒࠊDNAࡡሲᇱ㒼าࡢࠉ
ྜྷ❮2-1࡛ྜྷᵕࡡ᪁Ἢ࡞ࡻࡽ☔ヾࡊࡒࠊ
4 ࠈ᪳⹰⣵⬂⏕ Specificity protein (Sp) 1 Ⓠ⌟࣊ࢠࢰ࣭࠽ࡻࡦ࡮஘ິ∸⏕ Sp3 Ⓠ⌟࣊ࢠ
ࢰ࣭ࡡష⿿
ࠈ࡮஘ິ∸⏕Sp1Ⓠ⌟࣊ࢠࢰ࣭(pCMVSp1)ࡢDr. Robert Tjian (Howard Hughes Medical
Institute, Department of Molecular and Cell Biology, University of California, Berkeley, CA,
U.S.A.)ࡻࡽࡇᥞ౩࠷ࡒࡓ࠷ࡒ(Hagen et al.,1992)ࠊSp1 Drosophila Ⓠ⌟࣊ࢠࢰ࣭(pAcSp1)
ࡢpCMVSp1ࢅ⏕࠷࡙Furihataࡼ(2004)࠿ష⿿ࡊࡒࡵࡡࢅ⏕࠷ࡒࠊဳ஘ິ∸⣵⬂⏕Sp3Ⓠ
⌟࣊ࢠࢰ࣭ࡢ௧ୖࡡ᪁Ἢ࡞ࡻࡽష⿿ࡊࡒࠊ
ࠈSp3ࠈDrosophila Ⓠ⌟࣊ࢠࢰ࣭ (pPacUsp3)ࡢDr. Guntarm Suske (Philipps-Universitat,
Marburg, Germany)ࡻࡽࡇᥞ౩࠷ࡒࡓ࠷ࡒ (Kadonaga et al., 1987)ࠊ pPacUsp3ࢅ
SphI(NIPPON GENE)࡛XhoI (TaKaRa Bio)࡚ฌ⌦ࡊࠉSp3ࢤ࣭ࢸ࢔ࣤࢡ㡷ᇡࢅྜྷᵕ࡞โ㝀
Primer Sequence (5’ to 3') Construct
CYP1A2+37R GAGATTGGCAGGGTTGTAATGGCT
CYP1A2 -3188F GGAACACAACGGGACTTCTTGGATGC p4-3188/+37
CYP1A2 -28F TATAAAAAGGCCACTCACCTAGAG p4-28/+37
CYP1A2 -342F GCTCTTCCTCATGTGTGCAGTGGG p4-342/+37
CYP1A2 -1033F CCCGAGTAGCTGGGATCACAGGC p4-1033/+37
CYP1A2 -1961F ATGCTCTGTTTCTCTATTGGATTCCCC p4-1961/+37
CYP1A2 -47F mt ATCTGATAGGGGGTAATGTTTATAAAAAG
CYP1A2 -37R CCCTATCAGATTGGCCTGGTTGTCCT
CYP1A2 -342F HindIII CTctgcagGCTCTTCCTCATGTGTGCAGT
CYP1A2+37R SpeI GCAagatctTGAGATTGGCAGGGTTGTAA
PON1 -1164F KpnI GGggtaccCTCTCCATATGTTCATGG
PON1 +52R SmaI TCCcccgggATAGACAAAGGGATCG
p4-342/+37mt
pC-342/+37
P4-PON1
Small letters indicate the restriction enzyme recognition sites. Underline indicates mutated sequence.
Table 1. Primers used for PCR cloning and reporter plasmid construction
25
㓕⣪ฌ⌦ࢅ࠽ࡆ࡝ࡖࡒpTARGETTM mammalian expression vector (pT, Promega)࡞⤄ࡲ㎲ࡳ
ࡆ࡛࡞ࡻࡽUsp3/pTࢅష⿿ࡊࡒࠊDNAࡡሲᇱ㒼าࡢࠉྜྷ❮2-1࡛ྜྷᵕࡡ᪁Ἢ࡞ࡻࡽ☔ヾ
ࡊࡒࠊ
5ࠈ⣵⬂ᇰ㣬
ࠈHepG2⣵⬂ࠉCaco-2⣵⬂ࡢ➠ୌ❮ᐁ㥺᪁Ἢ࠽ࡻࡦᐁ㥺ᮞᩩ 2࡛ྜྷࡋ᪁Ἢ࡚ᇰ㣬ࡊࡒࠊ
HEK293 ⣵⬂ࡢ DMEM ࡞ࠉHeLa ⣵⬂ࡢ RPMI1640 (Invitrogen) ࡞ࡐࡿࡑࡿ 10%㟸഼໩
FBSࠉ50 U/ml penicillin-50 µg/ml streptomycinࢅຊ࠻ࡒࡵࡡࢅᇰᆀࡊ࡙ 5% CO2/95%✭Ẵ
ࢅẴ┞࡛ࡊࡒ 37Υࡡ incubator࡚ᇰ㣬ࡊࡒࠊDrosophila SL2⣵⬂ࡢ(ATCC, Manassas, VA,
USA)Drosophila Schneider's medium(GIBCO BRL)࡞㟸഼໩ 10%㟸഼໩ FBSࠉ50 U/ml
penicillin-50 µg/ml streptomycinࢅຊ࠻ࡒࡵࡡࢅᇰᆀ࡛ࡊ࡙ 24Υࡡ incubator࡚ᇰ㣬ࡊࡒࠊ
6ࠈ࣭ࣝ࣎ࢰ࣭ࢩ࣭ࣤ࢓ࢴࢬ࢕
6-1ࠈReverse Transfection
ࠈHepG2⣵⬂࡫ࡡ࣭ࣝ࣎ࢰ࣭ࢤࣤࢪࢹࣚࢠࢹࡡᑙථࡢreverse transfectionἪ࡞ࡻࡽ௧ୖ
ࡡࡻ࠹࡞࠽ࡆ࡝ࡖࡒࠊ᭩ิ࡞0.5 µl/wellࡡTransIT® (Mirus, Madison, WI, USA)࡛19 µl/well
ࡡOpti-MEM (GIBCO BRL)ࢅΊ࿰ࡊ࡙5ฦ㛣ᐄῺ࡚㟴⨠ࡊࡒࠊḗ࡞ࡆࡡ࣐ࢠࢪࢲ࣭࡛ࣔ
200 ng/well ࡡfirefly luciferase ࣭ࣝ࣎ࢰ࣭ࢤࣤࢪࢹࣚࢠࢹࠉ50 ng/well pGL4.70 renilla
luciferase reporter vector (Promega)ࢅΊ࿰ࡊࠉ5ฦ㛣ᐄῺ࡚㟴⨠ࡊࡒࠊ᭩ᚃ࡞ࡆࡡDNA⁈
ᾦࢅ48 well-plate࡞20 µl/wellࡍࡗฦἸࡊࠉ├ࡔ࡞ࠉHepG2⣵⬂ (3.6104 cells/well)ࢅ᧓
⛸ࡊࡒࠊࡱࡒࠉCo-transfection assaysࡢ, ୕㏑ࡡluciferase ࣭ࣝ࣎ࢰ࣭ࢤࣤࢪࢹࣚࢠࢹ࡞
ຊ࠻࡙50 ng/well ࡡⓆ⌟࣊ࢠࢰ࣭  (pTࠉpCMVSp1ࡱࡒࡢUSp3/pT) ࢅྜྷᵕࡡ᪁Ἢ࡚
reverse transfectionࡌࡾࡆ࡛࡞ࡻࡽ࠽ࡆ࡝ࡖࡒࠊ
6-2ࠈTransfection
ࠈSL2 ⣵⬂࡫ࡡ࣭ࣝ࣎ࢰ࣭ࢤࣤࢪࢹࣚࢠࢹ࠽ࡻࡦⓆ⌟࣊ࢠࢰ࣭ࡡᑙථࡢ௧ୖࡡ᪁Ἢ࡞
ࡻࡽ࠽ࡆ࡝ࡖࡒࠊSL2 ⣵⬂(5.0105 cells/well)ࢅ 48 well-plate ࡞᧓⛸ࡊ penicillin ࠽ࡻࡦ
streptomycin ࢅྱࡱ࡝࠷ᇰᆀ࡚ 24 ᫤㛣ᇰ㣬ࡊࡒࠊCellfectin reagent (Invitrogen) ࡞ࡻࡽ
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ࣈࣞࢹࢤ࣭ࣜ࡞ࡊࡒ࠿ࡖ࡙ 100 ng/well firefly luciferase ࣭ࣝ࣎ࢰ࣭ࢤࣤࢪࢹࣚࢠࢹ, 50
ng/well pGL4.70 renilla luciferase reporter vector࠽ࡻࡦ 50 ng/well ࡡ᪳⹰⣵⬂⏕Ⓠ⌟࣊ࢠ
ࢰ࣭ (pAc5.1/V5-His, pAcSp1ࡱࡒࡢ pPacUSp3) ࢅ SL2 ⣵⬂࡞ transfectionࡊࡒࠊ
6-3 LuciferaseὩᛮῼᏽ
ࠈTransfection࠾ࡼ48᫤㛣ᚃࡡ⣵⬂ࢅࢱࣜ࣊ࢴࢤPBS(᪝Ề⿿ⷾࠉ᮶ா)࡚ὑὯࡊࠉPassive
Lysis Buffer (Promega) 50 µl/wellࢅຊ࠻ࠉ50 min-115ฦ㛣ᣲ࡛࠹ࡊࠉ⣵⬂ࢅ⁈よࡊࡒࠊᚋ
ࡼࡿࡒ୕ΰ࡞ࡗ࠷࡙Dual-LuciferaseTM Reporter Assay System(Promega)࠽ࡻࡦTD-20/20
Luminometer(Promega)࡞ࡻࡽluciferaseὩᛮࢅῼᏽࡊࡒࠊ࡝࠽ࠉtransfectionຝ⋙ࡢ࣭ࣝ࣎
ࢰ࣭ࢤࣤࢪࢹࣚࢠࢹ⏜ᮮࡡfirefly luciferaseὩᛮ࡛ࠉpGL4.70 vector⏜ᮮࡡrenilla luciferase
ὩᛮࡡẒࢅ࡛ࡾࡆ࡛࡞ࡻࡽ⿭ḿࡊࡒࠊ
7 Gel shift assays (GMSAs)
7-1 ᰶ᢫ฝ∸ࡡㄢ⿿
ࠈᰶࢰࣤࣂࢠࡡ᢫ฝࡢ௧ୖࡡ᪁Ἢ࡞ࡻࡽ࠽ࡆ࡝ࡖࡒࠊHepG2⣵⬂ࢅࢱࣜ࣊ࢴࢤPBS࡚2
ᅂὑὯࡊࡒᚃࠉ᩺ࡊ࠷ࢱࣜ࣊ࢴࢤPBSࢅຊ࠻ࠉࣚࣁ࣭ࢫ࣎ࣛࢪ࣏࡚ࣤ⣵⬂ࢅ࠾ࡀཱིࡖ
ࡒࠊḗ࡞ࠉ450gࠉ4Υ࡚5ฦ㛣㐪ᚨฦ㞫ࡊࠉ⣵⬂ࢅᅂ཭ࡊࡒᚃࠉ㐪ᚨᚃࡡ⣵⬂ࡡᐖ㔖(PCV)
ࡡ5ಶ㔖ࡡLysis buffer (1 mM HEPES buffer, pH7.9, 1.5 mM MgCl2, 10 ࠈmM KCl, 1 mM
DTT, Protease Inhibitor Cocktail) ࡞්ᠩ⃦ࡊࡒࠊࡆࡿࢅể୕࡚15ฦ㛣㟴⨠ࡊࡒᚃࠉ420
gࠉ4Υ࡚5ฦ㛣㐪ᚨฦ㞫ࡊ࡙ỷẂࢅPCVࡡ2ಶ㔖ࡡLysis buffer࡞ᠩ⃦ࡊࡒࠊࡈࡼ࡞Dounce
homogenizer (B type)ࢅ10ᙸᚗࡈࡎ࡙࣓࣌ࢩࢻ࢕ࢫࡊࠉ10,000-11,000gࠉ4Υ࡚20ฦ㛣㐪
ᚨฦ㞫ࡊ࡙ᰶ⏤ฦࢅᅂ཭ࡊࡒࠊࡆࡡᰶ⏤ฦࢅPCVࡡ2/3ಶ㔖ࡡExtraction buffer (20 mM
HEPES buffer, pH7.9, 25% (v/v) glycerol, 0.42 M NaCl, 1.5 mM MgCl2, 0.2 mM EDTA, 1 mM
DTT, Protease Inhibitor Cocktail) ࡞ᠩ⃦ࡊࠉࡈࡼ࡞Dounce homogenizer (B type) ࢅ10ᙸᚗ
ࡈࡎ࡙࣓࣌ࢩࢻ࢕ࢫࡊࡒᚃࠉ4Υ࡚60ฦ㛣✔ࡷ࠾࡞᧘ᢶࡊࡒࠊࡆࡿࢅ10,000-21,000gࠉ
4Υ࡚5ฦ㛣㐪ᚨฦ㞫ࡊࠉᚋࡼࡿࡒ୕ΰࢅᰶࢰࣤࣂࢠ᢫ฝᾦ࡛ࡊࡒࠊ୕オషᴏࡢࡌ࡬࡙4Υ
࡚࠽ࡆ࡝ࡖࡒࠊ
ࠈᚋࡼࡿࡒࢰࣤࣂࢠ㈻ࡡᏽ㔖ࡢ∭⾉ΰ࢓ࣜࣇ࣐ࣤࢅࢪࢰࣤࢱ࣭ࢺ࡛ࡊࠉLowryࡼ(1951)
ࡡ᪁Ἢ࡞ᇱࡘ࠷ࡒDC protein assay kit II (BIO RAD, Hercules, CA, USA) ࢅ⏕࠷࡙࠽ࡆ࡝
ࡖࡒࠊ
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7-2 ᵾㆉprobeࡡష⿿
ࠈᵾㆉprobeࡢ௧ୖࡡ᪁Ἢ࡞ࡻࡽష⿿ࡊࡒࠊTable 2࡞♟ࡊࡒ┞⿭Ⓩ࡝oligonucleotideࢅΊ
ྙࡊࠉ96Υ࡚5ฦ㛣࢕࣭ࣤ࢞ࣖ࣊ࢨࣘࣤࡊࡒᚃ㸦Υ/min࡚25Υࡱ࡚Ὼᗐࢅୖࡅ࡙࢓ࢼ࣭
ࣛࣤࢡࡈࡎࡾࡆ࡛࡞ࡻࡽࠉdouble-strand oligonucleotideࢅష⿿ࡊࡒࠊష⿿ࡊࡒCYP1A2-
48/-19࠽ࡻࡦ consensus Sp1 oligonucleotideࡡ 5’ᮆ❻ࢅ [γ-32P] dATP (GE Healthcare,
Piscataway, NJ, USA)ࢅ⏕࠷࡙ࣛࣤ㓗໩ࡊࠉᵾㆉprobeࢅ࡛ࡊࡒࠊ
7-3ࠈGMSAs
ࠈGMSAs ࡢ௧ୖࡡ᪁Ἢ࡞ࡻࡽ࠽ࡆ࡝ࡖࡒࠊ7-1࡚ㄢ⿿ࡊࡒᰶࢰࣤࣂࢠ᢫ฝ∸20 µgࠉ5
buffer[20% glycerol, 5 mM MgCl2, 2.5 mM EDTA, 2.5 mM DDT, 250 mM Nacl, 50 mM
Tris-HCl (pH7.5) , 0.25 mg/ml poly (dI-dC)࣬ poly(dI-dC) ]ࢅΊྙࡊࠉ⁓Ⳟ㉰⣟Ề࡚ධ㔖ࢅ9 µl
࡛ࡊࠉᐄῺ࡚10ฦ㛣㟴⨠ࡊࡒࠊࡈࡼ࡞ࡆࡡ⁈ᾦ࡞[γ-32P]࡚ᵾㆉࡊࡒprobeࢅ1 µlຊ࠻20ฦ
㛣ᐄῺ࡚㟴⨠ࡊࡒࠊCompetition assay࡚ࡢ᭩ิࡡ10ฦ㛣㟴⨠ࡡ㝷࡞஢ࡴᵾㆉࡊ࡙࠷࡝࠷
double-strand oligonucleotideࢅprobeࡡ50ಶࡡ⃨ᗐ࡚ຊ࠻ࠉ10ฦ㛣ᐄῺ࡚㟴⨠ࡊࡒࠊࡆࡡ
ཬᚺΊྙᾦࢅ5%࣎ࣛ࢓ࢠࣛࣜ࢓࣐ࢺࢣ࡚ࣜ㞹Ẵὃິࡊࡒࠊὃິᚃࠉࢣࣜࡢࢀ⣤࡞⛛ࡊࠉ
ࢣࣜࢺࣚ࢕࣭࡚ࣕஜ⇩ࡈࡎࡒᚃࠉFuji Bio-Image Analyzer BAS 2000II (Fujiࣆ࢔࣑ࣜࠉ᮶
ா)ࢅ⏕࠷࡙ὃິ⤎ᯕࢅよᯊࡊࡒࠊ
Oligonucleotide Sequence (5’ to 3')
CYP1A2-48/-19 sense ATCTGATAGGGGGCGGTGTTTATAAAAAGG
CYP1A2-48/-19 anti-sense CCTTTTTATAAACACCGCCCCCTATCAGAT
CYP1A2-48/-19 mt sense ATCTGATAGGGGGTAATGTTTATAAAAAGG
CYP1A2-48/-19 mt anti-sense CCTTTTTATAAACATTACCCCCTATCAGAT
consensus Sp1 sense ATTCGATCGGGGCGGGGCGAGC
consensus Sp1 anti-sense GCTCGCCCCGCCCCGATCGAAT
consensus Sp1mt sense ATTCGATCGGTTCGGGGCGAGC
consensus Sp1mt anti-sense GCTCGCCCCGAACCGATCGAAT
Underlines indicate mutated sequence.
Table 2. Oligonucleotides used for GMSAs
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8ࠈධ RNA᢫ฝ࠽ࡻࡦ RT-PCRἪ࡞ࡻࡾ CYP1A2 mRNAࡡᏽ㔖
8-1ࠈRNA᢫ฝ࠽ࡻࡦ┞⿭Ⓩ DNA(cDNA)ࡡㄢ⿿
ࠈࣃࢹ⤄⧂ (⫚⮒ࠉ⭀⮒ࠉᑚ⭘ࠉ⫭) ࠽ࡻࡦࣃࢹ⤄⧂⏜ᮮ⣵⬂ (HepG2ࠉCaco-2ࠉHEK293ࠉ
HeLa ⣵⬂) ࡻࡽ FastPureTM RNA kit ࢅ⏕࠷࡙῟௛ࡡࣈࣞࢹࢤ࣭ࣜ࡞ࡊࡒ࠿࠷ࠉධ RNA
ࢅ᢫ฝࡊࡒࠊ᢫ฝࡊࡒධ RNA ࡞ࢣࢿ࣑ DNA ࡡΊථ࠿࡝࠷ࡆ࡛ࢅ GoTaq Green Master
Mix࠽ࡻࡦ Table 3࡞♟ࡌࣈࣚ࢕࣏࣭ (GAPDH F࠽ࡻࡦ GAPDH R) ࢅ⏕࠷ࡒ PCR࡞ࡻ
ࡽ☔ヾࡊࡒࠊ᢫ฝࡊࡒධ RNA ࢅ High Capacity cDNA Reverse Transcription kit (Applied
Biosystems) ࢅ⏕࠷࡙῟௛ࡡࣈࣞࢹࢤ࣭ࣜ࡞ࡊࡒ࠿ࡖ࡙ cDNAࢅㄢ⿿ࡊࡒࠊ
8-2ࠈCYP1A2 mRNAⓆ⌟㔖ࡡῼᏽ
ࠈCYP1A2 mRNA Ⓠ⌟㔖ࢅῼᏽࡌࡾࡒࡴ 8-1 ࡚ㄢ⿿ࡊࡒ cDNA ࢅࢷࣤࣈ࣭ࣝࢹ࡛ࡊ࡙
RT-PCR ࢅ࠽ࡆ࡝ࡖࡒࠊPCR ࡢ 1 µl ࡡࢷࣤࣈ࣭ࣝࢹࠉ྘ 5 pmol ࡡ Table 3 ࡞♟ࡌࣈࣚ
࢕࣏࣭ (CYP1A2 FࠉCYP1A2 R) ࠉ10 µl GoTaq Green Master Mixࢅྱࡳཬᚺ⁈ᾦ 20 µl
ࢅ 95Υ࡚ 2 ฦ㛣ຊ⇍ࡊࠉ95Υ15 ⛂ࠉ56Υ10 ⛂࠽ࡻࡦ 95Υ30 ⛂ࡡࢦ࢕ࢠࣜࢅ 35 ᅂ⧖
ࡽ㏁ࡌࡆ࡛࡚࠽ࡆ࡝ࡖࡒࠊࣀࢗࢪ࣭࢞ࣅࣤࢡ㐿ఎᏄ࡛ࡊ࡙ glyceraldehydes-3-phosphate
dehydrogenase (GAPDH)ࡡ mRNAⓆ⌟㔖ࢅよᯊࡌࡾࡒࡴ GAPDH F, GAPDH Rࢅࣈࣚ࢕
࣏࣭࡛ࡊ࡙⏕࠷࡙ RT-PCRࢅ࠽ࡆ࡝ࡖࡒࠊPCRࡢ 95Υ࡚ 2ฦ㛣ຊ⇍ࡊࠉ95Υ15⛂ࠉ50Υ
10⛂࠽ࡻࡦ 95Υ30⛂ࡡࢦ࢕ࢠࣜࢅ 25ᅂ⧖ࡽ㏁ࡌࡆ࡛࡞ࡻࡽ࠽ࡆ࡝ࡖࡒࠊ
9ࠈࢣࢿ࣑ DNA᢫ฝ࠽ࡻࡦ bisulfite sequenceἪ
9-1ࠈࢣࢿ࣑ DNA᢫ฝ
FastPureTM DNA kit ࢅ⏕࠷࡙ࣃࢹ⤄⧂ (⫚⮒ࠉ⭀⮒ࠉᑚ⭘ࠉ⫭) ࠽ࡻࡦࣃࢹ⤄⧂⏜ᮮ⣵
Primer Sequence (5’ to 3’) 　GenBank Accession No.
GAPDH F TGCACCACCAACTGCTTA 　NM_002046
GAPDH R GGATGCAGGGATGATGTTC
CYP1A2 F GGACAGCACTTCCCTGAGAGTAGCG 　NM_000761
CYP1A2 R CAATCTTCTCCTGTGGGATGAGGTTG
Table 3. Primers used for RT-PCR
F, forward primer; R, reverse primer.
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⬂ (HepG2, Caco-2, HEK293, HeLa⣵⬂)࠾ࡼࢣࢿ࣑ DNAࢅ᢫ฝࡊࡒࠊ
9-2ࠈbisulfite sequenceἪ
ࠈࢣࢿ࣑ DNAࢅ EpitectTM Bisulfite kit (QIAGEN, Hilden, Germany)ࢅ⏕࠷࡙῟௛ࡡࣈࣞ
ࢹࢤ࣭ࣜ࡞ࡊࡒ࠿࠷ࠉbisulfite ฌ⌦ࡊࡒࠊฌ⌦ࡊࡒࢣࢿ࣑ DNA ࢅࢷࣤࣈ࣭ࣝࢹ࡛ࡊ࡙
PCR ࢅ࠽ࡆ࡝࠷ࠉCYP1A2 㐿ఎᏄ୕Ὦ-62/+232 ࡡ㡷ᇡࢅቌᖕࡊࡒࠊPCR ཬᚺࡢཬᚺ⁈
ᾦ 20 µl୯࡞ 1 µlࡡࢷࣤࣈ࣭ࣝࢹࠉ྘ 5 pmolࡡ Table 4࡞♟ࡌࣈࣚ࢕࣏࣭ (CYP1A2 BSP
-62F, CYP1A2 BSP +232R)ࠉ10 µlࡡ GoTaq Green Master Mixࠉࢅྱࡳཬᚺ⁈ᾦࢅ 95Υ
࡚ 2 ฦ㛣ຊ⇍ࡊࡒᚃࠉࡱࡍ 95Υ࡚ 30 ⛂ࠉ47Υ࡚ 30 ⛂࠽ࡻࡦ 72Υ࡚ 45 ⛂ࡡࢦ࢕ࢠࣜ
ࢅ㸨ᅂ⧖ࡽ㏁ࡊࠉḗ࡞ 95Υ࡚ 30 ⛂ࠉ46Υ࡚ 30 ⛂࠽ࡻࡦ 72Υ30 ⛂ࡡࢦ࢕ࢠࣜࢅ㸨ᅂ
⧖ࡽ㏁ࡊࠉ᭩ᚃ࡞ 95Υ࡚ 30 ⛂ࠉ46Υ࡚ 30 ⛂࠽ࡻࡦ 72Υ30 ⛂ࡡࢦ࢕ࢠࣜࢅ 40 ᅂ⧖ࡽ
㏁ ࡌ ࡆ ࡛ ࡞ ࡻ ࡽ ࠽ ࡆ ࡝ ࡖ ࡒ ࠊ ౐ ⏕ ࡊ ࡒ ࣈ ࣚ ࢕ ࣏ ࣭ ࡢ MethPrimer
(http://www.urogene.org/methprimer/) ࢅ⏕࠷࡙ష⿿ࡊࡒ(Li et al., 2002)ࠊቌᖕࡊࡒ DNA
᩷∞ࢅ pGEM-T vector system (Promega)ࢅ⏕࠷࡙ࢠ࣭ࣞࣤ໩ࡊࠉ10 ಴ࡡࢠ࣭ࣞࣤࡡ㒼า
ࢅ 2-1࡛ྜྷᵕࡡ᪁Ἢ࡚よᯊࡊࡒࠊ
10ࠈ࣭ࣝ࣎ࢰ࣭ࢤࣤࢪࢹࣚࢠࢹࡡ in vitro࣒ࢲࣜ໩
ࠈpCpGL-basic vector 10-15 µg࠽ࡻࡦ pC-342/+37ࢅ 160 µM S-adenosylmethionine (New
England Biolabs Japanࠉ᮶ா) ࡡᏋᅹୖ࡚ 4᫤㛣SssI methylase (New England Biolabs Japan)
ฌ⌦ࡊࡒࠊࡱࡒ SssI methylase ࢅྱࡱ࡝࠷ࢦࣤࣈࣜࢅㄢ⿿ࡊࠉࢤࣤࢹ࣭࡛ࣞࣜࡊࡒࠊฌ
⌦ᚃࠉ65Υ࡚ 20 ฦ㛣ࢦࣤࣈࣜࢅฌ⌦ࡊ SssI methylase ࢅ୘Ὡᛮ໩ࡊࡒᚃࠉDNA ࢅ⢥⿿
ࡊࠉ6࡞♟ࡌ࣭ࣝ࣎ࢰ࣭ࢩ࣭ࣤ࢓ࢴࢬ࢕࡞⏕࠷ࡒࠊpC-342/+37ࡡ࣒ࢲࣜ໩ࡡ☔ヾࡢ Table
4 ࡞♟ࡌࣈࣚ࢕࣏࣭  (pCpGL basic BSP-F , pCpGL basic BSP-R)ࢅ⏕࠷ࡒ  bisulfite
sequenceἪ࡞ࡻࡽ࠽ࡆ࡝ࡖࡒࠊ
Primer Sequence (5’ to 3')
CYP1A2 BSP -62F TAGGATAATTAGGTTAATTTGATAG
CYP1A2 BSP +232R AACTTAATCCAAACTACTCATTTAAAATC
pCpGL basic BSP-F AAATTATTGATTTTTGTTTATGTGAGTAAA
pCpGL basic BSP-R AAACCTTTCTTAATATTCTTAACATCCTC
Table 4. Primers used for bisulfite sequencing
F, forward primer; R, reverse primer.
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⤎ᯕ
1ࠈ CYP1A2ࣈ࣓࣭ࣞࢰ࣭Ὡᛮ࡞࠽ࡄࡾ GC࣍ࢴࢠࢪࡡᙲ๪
1-1ࠈCYP1A2ࣈ࣓࣭ࣞࢰ࣭㡷ᇡࡡྜྷᏽ࠽ࡻࡦᶭ⬗よᯊ
ࠈCYP1A2 㐿ఎᏄࡡࣈ࣓࣭ࣞࢰ࣭㡷ᇡࢅỬᏽࡌࡾࡒࡴ CYP1A2 㐿ఎᏄ୕Ὦ-3188/+37 ࡡ
㡷ᇡࢅ 5’ᮆ❻࠾ࡼṹ㝭Ⓩ࡞Ḗ኶ࡊࡒ 5 ࡗࡡ࣭ࣝ࣎ࢰ࣭ࢤࣤࢪࢹࣚࢠࢹࢅ⏕࠷࡙ HepG2
⣵⬂ࢅ⏕࠷࡙࣭ࣝ࣎ࢰ࣭ࢩ࣭ࣤ࢓ࢴࢬ࢕ࢅ࠽ࡆ࡝ࡖࡒ (Fig. 1A)ࠊCYP1A2 㐿ఎᏄ୕Ὦ-
3kbp ࢅ⤄ࡲ㎲ࢆࡓ࣭ࣝ࣎ࢰ࣭ࢤࣤࢪࢹࣚࢠࢹ (p4-3188/+37) ࡡ㌹෕Ὡᛮࡢ empty vector
࡞Ẓ࡬࡙ 6.8 ಶࡡ㌹෕Ὡᛮࢅ♟ࡊࡒࠊࡱࡒ p4-342/+37 ࡡ㌹෕Ὡᛮࡢ empty vector ࡞Ẓ
࡬࡙ 5 ಶ࡚࠵ࡽࠉ-3188/-342 㡷ᇡࢅḖ኶ࡊ࡙ࡵ CYP1A2 ࣈ࣓࣭ࣞࢰ࣭Ὡᛮࡢ࡮࡛ࢆ࡜
΅ᑛࡊ࡝࠾ࡖࡒࠊୌ᪁ࠉGC ࣍ࢴࢠࢪࢅྱࡳ-342/-29 㡷ᇡࢅḖ኶ࡊࡒ p4-28/+37 ࡡ㌹෕
Ὡᛮࡢ empty vector ࡞Ẓ࡬ 1.2 ಶ࡚࠵ࡽࠉࡆࡡ㡷ᇡࡡḖ኶࡞ࡻࡽ㢟ⴥ࡝ CYP1A2 ࣈࣞ
࣓࣭ࢰ࣭Ὡᛮࡡ΅ᑛ࠿ヾࡴࡼࡿࡒࠊ
ࠈࡆࡡ-342/-29 㡷ᇡ࡞Ꮛᅹࡌࡾ GC ࣍ࢴࢠࢪࡡᶭ⬗ࢅよᯊࡌࡾࡒࡴࠉGC ࣍ࢴࢠࢪ࡞ን
␏ࢅᑙථࡊࡒࢤࣤࢪࢹࣚࢠࢹ (p4-342/+37mt) ࢅ⏕࠷࡙࣭ࣝ࣎ࢰ࣭ࢩ࣭ࣤ࢓ࢴࢬ࢕ࢅ࠽
ࡆ࡝ࡖࡒ (Fig. 1B)ࠊࡐࡡ⤎ᯕࠉን␏మࡡࣈ࣓࣭ࣞࢰ࣭Ὡᛮࡢ࡮࡛ࢆ࡜ヾࡴࡼࡿ࡝࠾ࡖ
ࡒࠊ
Relative luciferase activity㸝Ratio to pGL4.17㸞
GC box
p4-3188/+37
p4-1961/+37
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Figure 1. Functional analysis of the GC box in the CYP1A2 promoter. (A) Schematic representations of deletion constructs are shown on the left
with their names. Black boxes indicate the GC box. Either one of the deletion constructs or a pGL4.17 vector and a pGL4.70 vector were
transiently transfected into HepG2 cells for 48 h. The relative luciferase activity was calculated by normalizing to the renilla luciferase activity
and is presented as a ratio to that of the control (pGL4.17). Each value is the mean ± S.D. for three separate experiments, each performed in
duplicate. (B) One of the reporter constructs (p4-342/+37, p4-342/+37mt or pGL4.17) and pGL4.70 were transfected into HepG2 cells for 48 h.
Explanation of data normalization and value of luciferase assay is given above.
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1-2ࠈGC࣍ࢴࢠࢪ࡞ష⏕ࡌࡾ㌹෕ᅄᏄࡡよᯊ
ࠈGC࣍ࢴࢠࢪ࡞⤎ྙࡌࡾ㌹෕ᅄᏄࢅྜྷᏽࡌࡾࡒࡴGMSAsࢅ࠽ࡆ࡝ࡖࡒ (Fig. 2A)ࠊSp1
࠿⤎ྙࡌࡾGC࣍ࢴࢠࢪࢅྱࡳoligonucletide (consensus Sp1)ࢅprobe࡛ࡊ࡙⏕࠷ࡒ⤎ᯕࠉ
஦ࡗࡡࢨࣆࢹࣁࣤࢺA࠽ࡻࡦB࠿ヾࡴࡼࡿࡒࠊࡆࡿࡼࡡࣁࣤࢺࡢᮅᵾㆉprobe (Sp1wt)ࡡ
῟ຊ࡞ࡻࡽᾐ኶ࡊࡒ࠿ࠉGC࣍ࢴࢠࢪን␏ᆵࡡoligonucletide(Sp1mt)ࢅ⏕࠷ࡒሔྙ࡚ࡢࣁ
ࣤࢺࡡᾐ኶ࡢヾࡴࡼࡿ࡝࠾ࡖࡒࠊCYP1A2-48/-19ࢅprobe࡛ࡊ࡙⏕࠷ࡒ⤎ᯕࠉconsensus
Sp1࡛ྜྷࡋన⨠࡞ࢨࣆࢹࣁࣤࢺ࠿ヾࡴࡼࡿࡒࠊࡆࡿࡼࡡࣁࣤࢺࡢᮅᵾㆉprobe (self)࠽ࡻ
ࡦᮅᵾㆉconsensus Sp1(Sp1wt)ࡡ῟ຊ࡞ࡻࡽᾐ኶ࡊࡒ࠿ࠉGC࣍ࢴࢠࢪࡡን␏ᆵ࡚࠵ࡾ
CYP1A2-48/-19mt(1A2mt)ࡡ῟ຊ࡚ࡢᾐ኶ࡢヾࡴࡼࡿ࡝࠾ࡖࡒࠊ
1-3ࠈCYP1A2ࣈ࣓࣭ࣞࢰ࣭Ὡᛮ࡞ᑊࡌࡾSp1࠽ࡻࡦSp3 ࡡᙫ㡢
ࠈCYP1A2ࣈ࣓࣭ࣞࢰ࣭Ὡᛮ࡞ᑊࡌࡾSp1࠽ࡻࡦSp3ࡡᙫ㡢ࢅ᪺ࡼ࠾࡛ࡌࡾࡒࡴHepG2
⣵⬂࠽ࡻࡦࠉSp1࠽ࡻࡦSp3ࢅⓆ⌟ࡊ࡙࠷࡝࠷Drosophila SL2⣵⬂ࢅࡵࡔ࠷࡙ co-
transfection assayࢅ࠽ࡆ࡝ࡖࡒࠊࡐࡡ⤎ᯕࠉHepG2⣵⬂࡞࠽࠷࡙Sp1ࡱࡒࡢSp3ࡡ࠷ࡍࡿ
ࡡභⓆ⌟࡞ࡻࡖ࡙ࡵp4-342/+37ࡡ㌹෕Ὡᛮ࠿⣑2ಶ࡞୕᪴ࡊࡒ(Fig. 2B-left)ࠊࡊ࠾ࡊࠉSp1
ࡱࡒࡢSp3࡞ࡻࡽGC࣍ࢴࢠࢪࡡን␏మ࡚࠵ࡾp4-342/+37mtࡡ㌹෕Ὡᛮࡵp4-342/+37࡛ྜྷ
ᵕ࡞⣑2ಶ࡞୕᪴ࡊࡒࠊୌ᪁ࠉSL2⣵⬂࡚ࡢSp1ࡱࡒࡢSp3࠷ࡍࡿࡡභⓆ⌟࡞ࡻࡖ࡙ࡵp4-
342/+37 ࠽ࡻࡦp4-342/+37mtࡡ㌹෕Ὡᛮࡢ୕᪴ࡊ࡝࠾ࡖࡒ(Fig. 2B-right)ࠊSp1࠽ࡻࡦSp3
ࡡⓆ⌟࠽ࡻࡦᶭ⬗ࢅ☔ヾࡌࡾࡒࡴ࣎ࢩࢷ࢔ࣇࢤࣤࢹ࣭࡚ࣞࣜ࠵ࡾp4-PON1ࢅ⏕࠷࡙᳠
ゞࡊࡒ࡛ࡆࢀ(Osaki et al., 2004)ࠉHepG2࠽ࡻࡦSL2⣵⬂ࡡ࠷ࡍࡿ࡞࠽࠷࡙ࡵࠉSp1ࡱࡒ
ࡢSp3ࡡභⓆ⌟࡞ࡻࡖ࡙p4-PON1ࡡࣈ࣓࣭ࣞࢰ࣭Ὡᛮࡡ୕᪴࠿ヾࡴࡼࡿࡒࠊ
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Figure 2. Identification of transcription factors interacting with GC box located in CYP1A2 promoter. (A)The GMSAs were performed using
nuclear extracts from HepG2 cells. Consensus Sp1 and CYP1A2 -48/-19 region are used as probes.  For competition assays, the proteins were
incubated with a 50-fold excess of unlabeled oligonucleotides (Sp1wt, Consenseus Sp1; Sp1mt, Consensus Sp1mt; self, CYP1A2-48/-19;
1A2mt, CYP1A2-48/-19mt) before addition of the probes. Symbles (+) and (-) indicate the  presence and absence of nuclear extracts or
competitors, respectively. (B) The reporter constructs (p4-PON1, p-342/+37 or p4-342/+37mt), pGL4.70 and expression vectors (pT, Sp1 or
Sp3 expression vectors) were transiently transfected into HepG2 (left) or into Drosophila SL2 cells (right) for 48 h. A p4-PON1 reporter
construct was used as a positive control. Each value is the mean ±S.D. of fold activation towards the activity obtained from the reporter
promoter construct alone for three separate experiments, each performed in duplicate.
Probe                           Consensus Sp1    CYP1A2 -48/-19
Competitor                      -            -        Sp1w  t  Sp1mt           -              -           self           Sp1        1A2mt
Nuclear extracts                   -           +             +           +               -              +   　     +               +               +
Non-specific
A
B
A
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2ࠈGC࣍ࢴࢠࢪࡡCpG࣒ࢲࣜ໩࡛CYP1A2㐿ఎᏄⓆ⌟ࡡ㛭㏻
ࠈGC ࣍ࢴࢠࢪࡡ CpG ࣒ࢲࣜ໩࡛ CYP1A2 㐿ఎᏄⓆ⌟ࡡ㛭㏻ࢅ᪺ࡼ࠾࡛ࡌࡾࡒࡴࠉࣃ
ࢹ⤄⧂⏜ᮮᇰ㣬⣵⬂࡞࠽ࡄࡾ CYP1A2 mRNA Ⓠ⌟ࢅ RT-PCR Ἢ࡞ࡻࡽࠉGC ࣍ࢴࢠࢪ
ࡡ CpG ࣒ࢲࣜ໩≟ឺࢅ bisulfite sequence Ἢ࡞ࡻࡽよᯊࡊࡒ(Fig. 3A-left, B, C-Left)ࠊ
CYP1A2 mRNA ࡡⓆ⌟ࡢ⫚⮒⒬⏜ᮮ⣵⬂࡚࠵ࡾ HepG2 ⣵⬂ࡡࡲ࡚ヾࡴࡼࡿࠉCaco-2ࠉ
HEK293 ࠽ࡻࡦ HeLa ⣵⬂࡚ࡢヾࡴࡼࡿ࡝࠾ࡖࡒࠊࡱࡒࠉGC ࣍ࢴࢠࢪࡡ CpG ࣒ࢲࣜ໩
㢎ᗐࡢ။ୌ CYP1A2 mRNA Ⓠ⌟ࡡヾࡴࡼࡿࡒ HepG2 ⣵⬂࡞࠽࠷࡙ 0%࡚࠵ࡽࠉGC ࣍
ࢴࢠࢪࡡ CpG ࣒ࢲࣜ໩ࡢヾࡴࡼࡿ࡝࠾ࡖࡒࠊୌ᪁ Caco-2ࠉHEK293 ࠽ࡻࡦ HeLa ⣵⬂
࡞࠽ࡄࡾ GC ࣍ࢴࢠࢪࡡ CpG ࣒ࢲࣜ໩㢎ᗐࡢ 80%௧୕࡛㧏ᗐࡡ CpG ࣒ࢲࣜ໩࠿ヾࡴ
ࡼࡿࡒࠊ
ࠈࣃࢹ⫚⮒ࠉ⫭ࠉ⭀⮒࠽ࡻࡦᑚ⭘࡞࠽࠷࡙ࡵྜྷᵕ࡞よᯊࢅ࠽ࡆ࡝ࡖࡒ (Fig. 3A-right, B, C
right)ࠊCYP1A2 mRNA ࡡⓆ⌟ࡢ⫚⮒࡚ヾࡴࡼࡿࡒ࠿ࠉ⫭ࠉ⭀⮒ࠉᑚ⭘࡚ࡢヾࡴࡼࡿ࡝
࠾ࡖࡒࠊࡱࡒ GC ࣍ࢴࢠࢪࡡ CpG ࣒ࢲࣜ໩㢎ᗐࡢ⫚⮒࡚ 20%௧ୖ࡚࠵ࡖࡒ࠿⫭ࠉ⭀⮒
࠽ࡻࡦᑚ⭘࡚ࡢ 80%௧୕࡛㧏ᗐࡡ CpG࣒ࢲࣜ໩࠿ヾࡴࡼࡿࡒࠊ
ࠈよᯊࡊࡒ㡷ᇡ࡞ࡢ GC ࣍ࢴࢠࢪࢅᙟᠺࡌࡾ CpG 㒼า௧አ࡞ 3 ࡗࡡ CpG 㒼า࠿Ꮛᅹ
ࡊࡒࠊࡆࡿࡼࡡ 3 ⟘ᡜࡡ CpG 㒼าࡡ࣒ࢲࣜ໩㢎ᗐࡢࡌ࡬࡙ࡡࣃࢹ⤄⧂⏜ᮮᇰ㣬⣵⬂࡛
ࣃࢹ⫚⮒⤄⧂ 2 ࢅ㝎ࡂࣃࢹ⤄⧂࡚ 90%௧୕࡛㧏ᗐࡡ CpG ࣒ࢲࣜ໩࠿ヾࡴࡼࡿࡒࠊࣃࢹ
⫚⮒⤄⧂ 2࡞࠽࠷࡙+132/+133࡞Ꮛᅹࡌࡾ CpG㒼าࡢ 50%ࡡ࣒ࢲࣜ໩㢎ᗐ࡚࠵ࡖࡒࠊ
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Figure 3. Association of CpG methylation status and CYP1A2 mRNA expression. (A) Expression profiles of CYP1A2 mRNA in human cell
lines (left) and human tissues (right) were determined by RT-PCR analysis. PCR was performed three times independently, and representative
data was shown. Li, liver; Lu, lung; K, kidney; SI, small intestine, N; negative control. (B) Location of CpG sites around the transcription start
site is illustrated. The horizontal line indicates the region amplified by PCR from bisulfite-treated genomic DNA. The vertical lines with the
numbers indicate the position of the cytosine of CpG sites from the transcription start site. The black box indicates the GC box. TSS:
transcription start site. (C) The region containing four CpG sites was amplified by PCR from the bisulfite-treated genomic DNA extracted
from human cell lines (left) and human tissues (right). The PCR products were cloned into the plasmid, and the clone was sequenced. Open
circles (ې) represent unmethylated cytosines and filled circles (۔) represent methylated cytosines. Each row indicates an individual clone.
The numbers in parentheses indicate methylation frequency of cytosine in the GC box.
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3ࠈCYP1A2ࣈ࣓࣭ࣞࢰ࣭Ὡᛮ࡞ᑊࡌࡾ GC࣍ࢴࢠࢪࡡ CpG࣒ࢲࣜ໩࡞ࡻࡾᙫ㡢
ࠈCYP1A2 ࣈ࣓࣭ࣞࢰ࣭Ὡᛮ࡞ᑊࡌࡾ GC ࣍ࢴࢠࢪࡡ CpG ࣒ࢲࣜ໩࡞ࡻࡾᙫ㡢ࢅ᪺ࡼ
࠾࡛ࡌࡾࡒࡴࠉin vitro ࣒ࢲࣜ໩ࡊࡒ࣭ࣝ࣎ࢰ࣭ࢤࣤࢪࢹࣚࢠࢹࢅ⏕࠷࡙࣭ࣝ࣎ࢰ࣭ࢩ
࣭ࣤ࢓ࢴࢬ࢕ࢅ࠽ࡆ࡝ࡖࡒࠊࡐࡡ⤎ᯕࠉGC ࣍ࢴࢠࢪහࡡ CpG 㒼า࠿࣒ࢲࣜ໩ࡈࡿࡒ
pC-342/+37 ࡡ㌹෕Ὡᛮࡢ࣒ࢲࣜ໩ࡈࡿ࡙࠷࡝࠷ pC-342/+37 ࡞ࡂࡼ࡬࡙⤣ゝⓏ᭯ណ
(p<0.05) ࡞఩࠷ೋࢅ♟ࡊࡒ(Fig. 3)ࠊࡊ࠾ࡊࠉࡆࡡ࣒ࢲࣜ໩࡞ࡻࡾ㌹෕Ὡᛮࡡ΅ᑛࡢ⣑
25%࡚࠵ࡽ㢟ⴥ࡚ࡢ࡝࠾ࡖࡒࠊࡱࡒ࣊ࢠࢰ࣭㒼าහ࡞ CpG 㒼า࠿Ꮛᅹࡊ࡝࠷ pCpGL-
basic vectorࡡ㌹෕Ὡᛮࡢ SssI methylaseฌ⌦ࡡᙫ㡢ࢅུࡄ࡝࠾ࡖࡒࠊ
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Figure 4. Effect of CpG methylation on CYP1A2 promoter activity. pC-342/+37 and pCpGL-basic were treated with Sss I methylase.
Either the treated or untreated reporter construct and a pGL4.70 vector were transiently transfected into HepG2 cells for 48 h. Each value
is the mean ± S.D. of relative activities (firefly/renilla) for three separate experiments, each performed in duplicate. Student's t-test was
performed to determine significance of the difference of the luciferase activity between unmethylated and methylated reporter constructs.
The symbol * indicates statistically significant difference of the luciferase activity between unmethylated and methylated reporter
constructs (p < 0.05).
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⩻ᐳ
ࠈᮇ◂✪࡞ࡻࡽ CYP1A2 㐿ఎᏄ୕Ὦ-37/-32 ࡞Ꮛᅹࡌࡾ GC ࣍ࢴࢠࢪࡢ CYP1A2 ࣈ࣓ࣞ
࣭ࢰ࣭Ὡᛮ࡞ᚪさ࡚࠵ࡾࡆ࡛ࠉࡆࡡ GC ࣍ࢴࢠࢪࡡ CpG ࣒ࢲࣜ໩ࡢࣃࢹ⤄⧂࠽ࡻࡦࣃ
ࢹ⤄⧂⏜ᮮᇰ㣬⣵⬂࡞࠽ࡄࡾ㐽ᢝⓏ࡝ CYP1A2 mRNA Ⓠ⌟࡛㛭㏻ࡊ࡙࠷ࡾࡆ࡛࠿♟ࡈ
ࡿࡒࠊ
ࠈHepG2⣵⬂ࢅ⏕࠷࡙࠽ࡆ࡝ࡖࡒࢸ࣭ࣛࢨࣘࣤ࢓ࢴࢬ࢕ࡡ⤎ᯕࠉCYP1A2㐿ఎᏄ୕Ὦ
+342/-29ࡡ㡷ᇡࡢ࣐ࢼ࣏ࣜࣈ࣓࣭ࣞࢰ࣭ࢅྱࡳࡆ࡛࠿♟ࡈࡿࡒ(Fig. 1A)ࠊࡈࡼ࡞GC࣍
ࢴࢠࢪࡢCYP1A2ࣈ࣓࣭ࣞࢰ࣭Ὡᛮ࡞㔔さ࡝ᙲ๪ࢅᢰࡖ࡙࠷ࡾ࡛⩻࠻ࡼࡿࡒࠊୌ᪁ࠉ
ࡆࡿࡱ࡚࡞ࡆࡡ㡷ᇡ࡚ࡢE࣍ࢴࢠࢪ࠽ࡻࡦNF-1ᵕelement࠿ྜྷᏽࡈࡿ࡙࠷ࡾࠊࡆࡿࡼcis-
elements࡞ን␏ࢅᑙථࡌࡾࡆ࡛࡞ࡻࡽCYP1A2ࣈ࣓࣭ࣞࢰ࣭Ὡᛮ࠿ᾐ኶ࡌࡾࡆ࡛࠿ሒ࿈
ࡈࡿ࡙࠷ࡾ(Narvaez et al., 2005)ࠊࡊࡒ࠿ࡖ࡙CYP1A2ࣈ࣓࣭ࣞࢰ࣭Ὡᛮ࡞ࡢGC࣍ࢴࢠ
ࢪࠉE࣍ࢴࢠࢪ࠽ࡻࡦNF-1ᵕelementࡡධ࡙ࡡcis-element࠿ᚪさ࡚࠵ࡽࠉࡆࡿࡼ୔ࡗࡡ
cis-elementࡢ༝ㄢࡊ഼࡙࠷࡙࠷ࡾྊ⬗ᛮ࠿⩻࠻ࡼࡿࡒࠊ
ࠈୌ⯙࡞Sp1࠽ࡻࡦSp3ࡢࣈ࣓࣭ࣞࢰ࣭࡞ᏋᅹࡌࡾGC࣍ࢴࢠࢪ࡞⤎ྙࡊ࡙ࡐࡡ㐿ఎᏄࡡ
Ⓠ⌟ࢅὩᛮ໩ࡌࡾ࡛⩻࠻ࡼࡿ࡙࠷ࡾࠊᮇ◂✪࡚ࡢGMSA࡞ࡻࡽSp1࠽ࡻࡦSp3࠿in vitro
࡚CYP1A2㐿ఎᏄࡡࣈ࣓࣭ࣞࢰ࣭㡷ᇡ࡞ᏋᅹࡌࡾGC࣍ࢴࢠࢪ࡞⤎ྙࡌࡾࡆ࡛࠿♟ြࡈ
ࡿࡒ࠿ࠉSL2⣵⬂ࢅ⏕࠷ࡒco-transfection assaysࡡ⤎ᯕࡻࡽSp1࠽ࡻࡦSp3ࡡ࠷ࡍࡿࡵ
CYP1A2ࣈ࣓࣭ࣞࢰ࣭ࡡ㌹෕Ὡᛮ໩ᅄᏄ࡚ࡢ࡝࠷࡛⩻࠻ࡼࡿࡒ(Fig. 2B-right)ࠊୌ᪁ࠉ
HepG2⣵⬂࡞࠽࠷࡙Sp1࠽ࡻࡦSp3ࡢGC࣍ࢴࢠࢪ࡞ᑊࡌࡾን␏ᑙථࡡ᭯↋࡞㛭ࢂࡼࡍ
CYP1A2ࣈ࣓࣭ࣞࢰ࣭Ὡᛮࢅ୕᪴ࡈࡎࡒ(Fig. 2B-left)ࠊࡆࡡཋᅄࡢ᪺ࡼ࠾࡛࡝ࡖ࡙࠷࡝
࠷࠿ࠉSp1ࡢzinc-induced coactivator complex࡞ࣛࢠ࣭ࣜࢹࡈࡿࡾࡆ࡛࠿ሒ࿈ࡈࡿ࡙࠽ࡽ
(Li et al., 2008)ࠉSp1࠽ࡻࡦSp3࠿ࢤ࢓ࢠࢲ࣭࣊ࢰ࣭ࡡࡻ࠹࡞ష⏕ࡌࡾྊ⬗ᛮ࠿⩻࠻ࡼࡿ
ࡒࠊࡊࡒ࠿ࡖ࡙Sp1࠽ࡻࡦSp3ࡢHepG2⣵⬂࡞Ⓠ⌟ࡌࡾరࡼ࠾ࡡᅄᏄࢅ௒ࡊ࡙CYP1A2㐿
ఎᏄࡡࣈ࣓࣭ࣞࢰ࣭Ὡᛮ࡞ᐞ୙ࡊ࡙࠷ࡾྊ⬗ᛮ࠿⩻࠻ࡼࡿࡒࠊࡱࡒࡆࡡሔྙSp1࠽ࡻࡦ
Sp3ࡢCYP1A2ࣈ࣓࣭ࣞࢰ࣭㡷ᇡࡡGC࣍ࢴࢠࢪ࡞├᥃ష⏕ࡊ࡙࠷ࡾࢂࡄ࡚ࡢ࡝ࡂࠉࡆࡡ
GC࣍ࢴࢠࢪ࡞ࡻࡾCYP1A2ࣈ࣓࣭ࣞࢰ࣭Ὡᛮࡡㄢ⟿ࡢSp1࠽ࡻࡦSp3࡞ࡻࡾⓆ⌟โᚒ࡛
ࡢืࡡ࣒࢜ࢼࢫ࣑࠿㛭୙ࡌࡾྊ⬗ᛮ࠿⩻࠻ࡼࡿࡒࠊ
ࠈGC࣍ࢴࢠࢪ࡞ࡻࡾCYP1A2㐿ఎᏄࡡࣈ࣓࣭ࣞࢰ࣭Ὡᛮㄢ⟿࣒࢜ࢼࢫ࣑ࡢ᪺ࡼ࠾࡛࡝
ࡖ࡙࠷࡝࠷࠿ࠉࡐࡡ࣒࢜ࢼࢫ࣑࡛ࡊ࡙஦ࡗࡡྊ⬗ᛮ࠿⩻࠻ࡼࡿࡾࠊࡱࡍࠉSp1ࡷSp3௧
አࡡ㌹෕ᅄᏄ࠿GC࣍ࢴࢠࢪ࡞⤎ྙࡊࠉCYP1A2ࣈ࣓࣭ࣞࢰ࣭Ὡᛮ࡞ᐞ୙ࡌࡾྊ⬗ᛮ࠿
⩻࠻ࡼࡿࡾࠊౚ࠻ࡣࠉࣗࣄ࢞ࢰࢪ࡞Ⓠ⌟ࡌࡾ㌹෕ᅄᏄ࡚࠵ࡾKruppel-like factor 6ࡢࠉ
urokinase-type plasminogen activator 㐿ఎᏄࡡࣈ࣓࣭ࣞࢰ࣭㡷ᇡ࡞ᏋᅹࡌࡾGC࣍ࢴࢠࢪ
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࡞ష⏕ࡊࠉࡐࡡ㌹෕Ὡᛮ࡞ᐞ୙ࡌࡾࡆ࡛࠿ሒ࿈ࡈࡿ࡙࠷ࡾ(Botella et al., 2002)ࠊࡆࡡࡻ
࠹࡞CYP1A2㐿ఎᏄ࡞ࡗ࠷࡙ࡵGC࣍ࢴࢠࢪ࡞ష⏕ࡌࡾరࡼ࠾ࡡ㌹෕ᅄᏄ࠿CYP1A2ࣈࣞ
࣓࣭ࢰ࣭Ὡᛮ࡞ᐞ୙ࡌࡾྊ⬗ᛮ࠿⩻࠻ࡼࡿࡾࠊࡱࡒࠉ஦ࡗ┘ࡡ࣒࢜ࢼࢫ࣑࡛ࡊ࡙ࠉGC
࣍ࢴࢠࢪ࠿CYP1A2ࣈ࣓࣭ࣞࢰ࣭ࡡ∸⌦Ⓩ࡝᯺㌶ᛮ࡞㛭୙ࡌࡾྊ⬗ᛮ࠿⩻࠻ࡼࡿࡾࠊ
ࡆࡿࡱ࡚࡞ࣚࢴࢹbone sialoprotein㐿ఎᏄࡡࣈ࣓࣭ࣞࢰ࣭Ὡᛮ࡞ࡢNF-Y࡛ initiation
complexࡡ༝ㄢష⏕࠿㔔さࡓ࡛ሒ࿈ࡈࡿ࡙࠷ࡾࠊࡆࡡ༝ㄢష⏕࡞ࡢNF-Y࠽ࡻࡦinitiation
complexࡐࡿࡑࡿ࠿⤎ྙࡌࡾCCAAT-࣍ࢴࢠࢪ࠽ࡻࡦTATA࣍ࢴࢠࢪࡡన⨠࠿㔔さ࡝ᙲ๪
ࢅᢰࡖ࡙࠽ࡽࠉࡆࡿࡼcis-elements㎾എࡡDNAࡡ᯺㌶ᛮ࠿┞பష⏕ࡌࡾ㌹෕ᅄᏄࡡన⨠
ࢅỬᏽࡌࡾ࡛ሒ࿈ࡈࡿ࡙࠷ࡾ(Su et al., 2006; Gimenes et al., 2008)ࠊCYP1A2ࣈ࣓࣭ࣞࢰ
࣭࡞ᏋᅹࡌࡾGC࣍ࢴࢠࢪࡢTATA࣍ࢴࢠࢪ࡞㝼᥃ࡊ࡙࠷ࡾࡆ࡛ࢅ⩻៎ࡌࡾ࡛ࠉGC࣍ࢴ
ࢠࢪࡢUSF-1࠽ࡻࡦNF-1࡛initiation complex࡛ࡡన⨠ࢅỬᏽࡌࡾ㒼า࡛ࡊ࡙CYP1A2ࣈ
࣓࣭ࣞࢰ࣭Ὡᛮ࡞ᐞ୙ࡌࡾྊ⬗ᛮ࠿⩻࠻ࡼࡿࡾࠊࡈࡼ࡞ࡆࡿࡼ஦ࡗࡡ࣒࢜ࢼࢫ࣑࠿ྜྷ
᫤࡞CYP1A2ࣈ࣓࣭ࣞࢰ࣭Ὡᛮ࡞ᐞ୙ࡌࡾࡆ࡛ࡵ⩻࠻࠹ࡾࠊࡊࡒ࠿ࡖ࡙ࠉGC࣍ࢴࢠࢪ
࡞ࡻࡾCYP1A2㐿ఎᏄࡡࣈ࣓࣭ࣞࢰ࣭Ὡᛮㄢ⟿࣒࢜ࢼࢫ࣑ࢅ᪺ࡼ࠾࡞ࡌࡾࡒࡴ࡞ࡢࡆࡿ
ࡼ஦ࡗࡡ࣒࢜ࢼࢫ࣑ࡡ㛭୙࡞ࡗ࠷࡙᳠ゞࡌࡾᚪさ࠿࠵ࡾ࡛⩻࠻ࡼࡿࡒࠊ
ࠈCpG࣒ࢲࣜ໩࡞ࡻࡾ⤄⧂≁␏Ⓩ㐿ఎᏄⓆ⌟โᚒ࣒࢜ࢼࢫ࣑ࡡ◂✪ࡡ࡮࡛ࢆ࡜࠿CpG
㒼าࡡኣ࠷ࣈ࣓࣭ࣞࢰ࣭㡷ᇡࢅᣚࡗ㐿ఎᏄ࡞ࡗ࠷࡙࠽ࡆ࡝ࢂࡿ࡙࠷ࡾࠊࡊ࠾ࡊࠉCpG
㒼าࡡᑛ࡝࠷ࣈ࣓࣭ࣞࢰ࣭㡷ᇡࢅᣚࡗࢨ࣏ࣛࢪHP-27㐿ఎᏄࡡⓆ⌟ࡢ⫚⮒௧አࡡ⤄⧂
࡚ࡐࡡࣈ࣓࣭ࣞࢰ࣭㡷ᇡ࡞ᏋᅹࡌࡾE࣍ࢴࢠࢪࡡCpG࣒ࢲࣜ໩࡞ࡻࡽᢒโࡈࡿࡾࡆ࡛࠿
ሒ࿈ࡈࡿ࡙࠷ࡾ(Fujii et al., 2006)ࠊࡱࡒࠉCpG㒼าࡡᑛ࡝࠷ࣈ࣓࣭ࣞࢰ࣭㡷ᇡࢅᣚࡗࣃ
ࢹlactogen I㐿ఎᏄࡡⓆ⌟࠿ࡐࡡࣈ࣓࣭ࣞࢰ࣭㡷ᇡࡡCpG࣒ࢲࣜ໩࡛㛭㏻ࡊ࡙࠷ࡾࡆ࡛
࠿ሒ࿈ࡈࡿ࡙࠷ࡾ(Cho et al., 2001)ࠊࡆࡿࡼࡡሒ࿈ࡢCpG㒼าࡡᑛ࡝࠷ࣈ࣓࣭ࣞࢰ࣭㡷
ᇡ࡞࠽ࡄࡾCpG࣒ࢲࣜ໩ࡵ⤄⧂≁␏Ⓩ㐿ఎᏄⓆ⌟ᢒโ࡞ᙫ㡢ࡌࡾࡆ࡛ࢅ♟ြࡊ࡙࠷ࡾࠊ
ࣃࢹ⤄⧂࠽ࡻࡦࣃࢹ⤄⧂⏜ᮮᇰ㣬⣵⬂࡞࠽࠷࡙GC࣍ࢴࢠࢪහࡡCpG㒼าࡡ࣒ࢲࣜ໩ࡢ
CYP1A2 mRNAⓆ⌟ᢒโ࡛㛭㏻࠿ヾࡴࡼࡿࠉCpG㒼าࡡᑛ࡝࠷ࣈ࣓࣭ࣞࢰ࣭ࢅᣚࡗ
CYP1A2㐿ఎᏄࡡⓆ⌟โᚒ࡞ࡵCpG࣒ࢲࣜ໩࠿㛭୙ࡊ࡙࠷ࡾྊ⬗ᛮ࠿⩻࠻ࡼࡿࡒࠊࡊࡒ
࠿ࡖ࡙ࡆࡡGC࣍ࢴࢠࢪࡡCpG㒼าࡢ⤄⧂≁␏Ⓩ࣒ࢲࣜ໩ࡡᵾⓏ㒼า࡚࠵ࡽ(Fig.3)ࠉ⫚
⮒௧አࡡ⤄⧂࡚CYP1A2㐿ఎᏄⓆ⌟ࡡᢒโ࡞㛭୙ࡊ࡙࠷ࡾྊ⬗ᛮ࠿⩻࠻ࡼࡿࡒࠊ
ࠈୌ⯙࡞CpG࣒ࢲࣜ໩࡞ࡻࡾ㐿ఎᏄⓆ⌟ᢒโ࡞ࡗ࠷࡙஦ࡗࡡ࣒࢜ࢼࢫ࣑࠿⩻࠻ࡼࡿ࡙
࠷ࡾࠊୌࡗ┘ࡢ࣒ࢲࣜ໩ࡈࡿࡒCpG㒼า࠿㌹෕ᅄᏄ࡛cis-element࡛ࡡ⤎ྙࢅ㜴ᐐࡌࡾࡆ
࡛࡚㐿ఎᏄⓆ⌟ࢅᢒโࡌࡾ࣒࢜ࢼࢫ࣑࡚࠵ࡾ(Takizawa et al., 2001; Maier et al., 2003)ࠊ
ࡱࡒ஦ࡗ┘ࡢ࣒ࢲࣜ໩DNA࠿࣒ࢲࣜ໩DNA⤎ྙࢰࣤࣂࢠ㈻࠽ࡻࡦࣃࢪࢹࣤࢸ࢓ࢬࢲࣚ
࣭ࢭࢅࣛࢠ࣭ࣜࢹࡊࠉࢠ࣏ࣞࢲࣤᵋ㏸ን໩ࡷฆ㞗ࢅᘤࡀ㉫ࡆࡌ࣒࢜ࢼࢫ࣑࡚࠵ࡾࠊGC
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࣍ࢴࢠࢪ࡞⤎ྙࡌࡾ㌹෕ᅄᏄ࠿ྜྷᏽࡈࡿ࡙࠷࡝࠷ࡒࡴࠉCYP1A2㐿ఎᏄⓆ⌟ᢒโ࡞ᑊࡌ
ࡾୌࡗ┘ࡡ࣒࢜ࢼࢫ࣑ࡡ㛭୙ࡢ୘᪺࡚࠵ࡾࠊࡊ࠾ࡊࠉ࣒ࢲࣜ໩࣭ࣝ࣎ࢰ࣭ࢩ࣭ࣤ࢓ࢴ
ࢬ࢕ࡡ⤎ᯕࠉCYP1A2㐿ఎᏄࡡࣈ࣓࣭ࣞࢰ࣭㡷ᇡ࡞ᏋᅹࡌࡾGC࣍ࢴࢠࢪࡡCpG࣒ࢲࣜ
໩ࡢࡆࡡGC࣍ࢴࢠࢪࡡḖ኶ࡷን␏࡞Ẓ࡬࡙ࡐࡡࣈ࣓࣭ࣞࢰ࣭Ὡᛮ࡞ᑊࡌࡾᙫ㡢࠿᪺ࡼ
࠾࡞ᑚࡈ࠾ࡖࡒࡆ࡛࠾ࡼࠉGC࣍ࢴࢠࢪࡡCpG࣒ࢲࣜ໩࡞ࡻࡾ㌹෕ᅄᏄࡡ⤎ྙ㜴ᐐࡢ
CYP1A2㐿ఎᏄⓆ⌟ᢒโࡡ୹࡝࣒࢜ࢼࢫ࣑࡚ࡢ࡝࠷࡛⩻࠻ࡼࡿࡒ(Figs. 1, 4)ࠊࡊࡒ࠿ࡖ
࡙஦ࡗ┘ࡡ࣒࢜ࢼࢫ࣑࠿CYP1A2㐿ఎᏄⓆ⌟ᢒโ࡞ࡢ㔔さ࡚࠵ࡾྊ⬗ᛮ࠿⩻࠻ࡼࡿࠉGC
࣍ࢴࢠࢪࡡCpG࣒ࢲࣜ໩ࡢࢠ࣏ࣞࢲࣤᵋ㏸ን໩ࡷฆ㞗ࢅ௒ࡊ࡙ࠉCYP1A2㐿ఎᏄࡡࣈࣞ
࣓࣭ࢰ࣭㡷ᇡ࡞Ꮛᅹࡌࡾcis-element࡞ష⏕ࡌࡾ㌹෕ᅄᏄࡡ⤎ྙࢅ∸⌦Ⓩ࡞㜴ᐐࡌࡾࡆ࡛
࡞ࡻࡽCYP1A2 㐿ఎᏄⓆ⌟ࢅᢒโࡌࡾ࡛᥆ᐳࡈࡿࡒ(Nan et al., 1998; Jones at al., 1998;
Fujita et al., 2003)ࠊGC࣍ࢴࢠࢪࡡCpG࣒ࢲࣜ໩࡞ࡻࡾCYP1A2㐿ఎᏄⓆ⌟ᢒโ࣒࢜ࢼࢫ
࣑ࢅ᪺ࡼ࠾࡛ࡌࡾࡒࡴ࡞ࡢࠉ⤄⧂ࡷ⣵⬂࡞࠽ࡄࡾCYP1A2㐿ఎᏄࣈ࣓࣭ࣞࢰ࣭㡷ᇡࡡࣃ
ࢪࢹࣤಞ㣥ࡷࢠ࣏ࣞࢲࣤᵋ㏸ࡡ㐢࠷ࢅ᪺ࡼ࠾࡛ࡌࡾᚪさ࠿࠵ࡾ࡛⩻࠻ࡼࡿࡒࠊ
ࠈ௧୕ࠉᮇ◂✪࡞ࡻࡽ CYP1A2 㐿ఎᏄ୕Ὦ-37/-32 ࡞Ꮛᅹࡌࡾ GC ࣍ࢴࢠࢪࡢ CYP1A2
ࣈ࣓࣭ࣞࢰ࣭Ὡᛮ࡞ᚪさ࡝㡷ᇡ࡚࠵ࡾࡆ࡛࠿♟ြࡈࡿࡒࠊࡱࡒࡆࡡ GC ࣍ࢴࢠࢪࢅᙟ
ᠺࡌࡾ CpG 㒼าࡢ⤄⧂≁␏Ⓩ࣒ࢲࣜ໩ࡡᵾⓏ㒼าࡡୌࡗ࡚࠵ࡾࡆ࡛࠿♟ြࡈࡿࠉࡆࡡ
࣒ࢲࣜ໩ࡢ⤄⧂≁␏Ⓩ CYP1A2 㐿ఎᏄⓆ⌟࡞㛭୙ࡊ࡙࠷ࡾྊ⬗ᛮ࠿⩻࠻ࡼࡿࡒࠊ௑ᚃ
ࡆࡡ GC ࣍ࢴࢠࢪ࡞ࡻࡾࣈ࣓࣭ࣞࢰ࣭Ὡᛮㄢ⟿࣒࢜ࢼࢫ࣑࠽ࡻࡦࡐࡡ CpG ࣒ࢲࣜ໩࡞
ࡻࡾ CYP1A2㐿ఎᏄⓆ⌟ᢒโ࣒࢜ࢼࢫ࣑ࡡレ⣵ࢅ᳠ゞࡌࡾᚪさ࠿࠵ࡾ࡛⩻࠻ࡼࡿࡒࠊ
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⥪ᣋ
ᮇ◂✪࡞࡙ᚋࡼࡿࡒ⤎ㄵࡢ௧ୖࡡ㏳ࡽ࡚࠵ࡾࠊ
1 DNAࡡ࣒ࢲࣜ໩࠿ኣࡂࡡⷾ∸ິឺ㛭㏻㐿ఎᏄⓆ⌟โᚒ࡞㛭୙ࡌࡾࡆ࡛࠿᪺ࡼ࠾࡛
࡝ࡖࡒࠊ
2 CYP1A2㐿ఎᏄ5’୕Ὦ-37/-32㡷ᇡ࡞ᏋᅹࡌࡾGC࣍ࢴࢠࢪࡢCYP1A2ࣈ࣓࣭ࣞࢰ࣭
Ὡᛮ࡞ᚪさ࡝㒼า࡚࠵ࡾࡆ࡛࠿᪺ࡼ࠾࡛࡝ࡖࡒࠊ
3 ࣃࢹ⤄⧂࠽ࡻࡦࣃࢹ⤄⧂⏜ᮮ⣵⬂࡞࠽࠷࡙GC࣍ࢴࢠࢪහࡡCpG࣒ࢲࣜ໩ࡢ
CYP1A2㐿ఎᏄࡡmRNAⓆ⌟ᢒโ࡛㛭㏻ࡊ࡙࠽ࡽࠉ⫚⮒௧አࡡ⤄⧂࡚CYP1A2㐿ఎ
ᏄࡡⓆ⌟ࢅᢒโࡊ࡙࠷ࡾྊ⬗ᛮ࠿⩻࠻ࡼࡿࡒࠊ
௧୕ࡡࡆ࡛࠾ࡼࠉDNA࣒ࢲࣜ໩ࡢኣࡂࡡⷾ∸ິឺ㛭㏻㐿ఎᏄࡡⓆ⌟࡞㔔さ࡝ᙲ๪ࢅᢰ
ࡖ࡙࠷ࡾྊ⬗ᛮ࠿⩻࠻ࡼࡿࡒࠊ
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ࠈᮇ◂✪ࡡᶭఌࢅ୙࠻࡙ࡂࡓࡈࡽࠉࡱࡒᮇ◂✪࡞㝷ࡊࠉᚒᣞᑙࠉᚒ㠬᧙ࢅ㈱ࡽࡱࡌ࡛
࡛ࡵ࡞ᮇㄵᩝࡡᚒᰧ㛸ࢅ࠷ࡒࡓࡀࡱࡊࡒࠉ༐ⴝኬᏕኬᏕ㝌ⷾᏕ◂✪㝌㐿ఎᏄⷾ∸Ꮥㅦ
ᗑⷾ∸Ꮥ◂✪ᐄࠈ༐ⴝᐰᩅ᤭࡞ㅵࢆ࡚ཉࡂᚒ♡⏞ࡊ୕ࡅࡱࡌࠊ
ࠈᮇ◂✪࡞㝷ࡊࠉ୔ᖳ㛣࡞ࢂࡒࡽ⤂ጙᚒᣞᑙࠉᚒ㠬᧙ࢅ㈱ࡽࡱࡌ࡛࡛ࡵ࡞ࠉᮇㄵᩝࡡ
ᚒᰧ㛸ࢅ࠷ࡒࡓࡀࡱࡊࡒࠉ༐ⴝኬᏕኬᏕ㝌ⷾᏕ◂✪㝌㐿ఎᏄⷾ∸Ꮥㅦᗑⷾ∸Ꮥ◂✪ᐄ
㜾ᖦ▩ᕦຐᩅ࡞ㅵࢆ࡚ཉࡂᚒ♡⏞ࡊ୕ࡅࡱࡌࠊ
ࠈᮇ◂✪ࢅ㏳ࡋ࡙ࠉᚒຐゕࠉᚒ༝ງࢅ࠷ࡒࡓࡀࡱࡊࡒ༐ⴝኬᏕኬᏕ㝌ⷾᏕ◂✪㝌㐿ఎ
Ꮔⷾ∸Ꮥㅦᗑⷾ∸Ꮥ◂✪ᐄࠈᑚᯐ࢛࢜ࣜ෶ᩅ᤭࡞ᚨࡻࡽ῕ࡂᚒ♡⏞ࡊ୕ࡅࡱࡌࠊ
ࠈᮇ◂✪ࢅ㏳ࡋ࡙ࠉ⤂ጙ㐲ว࡝ᚒຐゕࠉᚒ༝ງࢅ࠷ࡒࡓࡀࡱࡊࡒࠉ༐ⴝኬᏕኬᏕ㝌ⷾ
Ꮥ◂✪㝌㐿ఎᏄⷾ∸Ꮥㅦᗑⷾ∸Ꮥ◂✪ᐄࡡⓑᵕࠉࡐࡊ࡙ᚒ༛ᴏ⏍ࡡⓑᵕ࡞ᚨࡻࡽវㅨ
࠷ࡒࡊࡱࡌ࡛࡛ࡵ࡞ࠉ௑ᚃࡡࡱࡌࡱࡌࡡࡇὩ㌅ࢅ࠽♫ࡽ࠷ࡒࡊࡱࡌࠊ
᭩ᚃ࡞ࠉࡆࡆࡱ࡚࠵ࡼࡹࡾᨥᥴࠉ༝ງࢅᝨࡊࡱࡍࠉᖏ࡞ᬦ࠾ࡂぜᏬࡖ࡙ࡂࡿࡒ୦ば࡞
ᚨࡻࡽ῕ࡂវㅨࡊࡱࡌࠊ
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